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p. J. riuNTiNGTON & Co. have recently published, in one small 
volume IGino., suitable for children just entering upon the study of 
Astronomy, and introductory to the " Geography of the Heavens." 

ASTRONOMY FOR BEGINNERS, 

with a Mnp and 27 Engravings. By Francis Feilowes, A^ M. 

*'Thi8 IS one of the most succesHful attempts to simplify subh me sci- 
ence to the comprehension of children. The author has employed an 
arransemeni and style entirely new, with a clear and hmiinouspen. and 
in the happiest manner. 1 cordinllv commend to parents, to teacnerSi 
and »o chddren, this result of liis labours."— ^'k^*. Slgoumey* 
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according vo Act of Congress, m the year 1883, by 
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PUBLISHER'S NOTICE. 







"^ '^ In prfi:3entmg a new edition of this work to the putlic. it is pro* 
> :?pc ^^ point out several very important improvements which have 
\ I been mnde. 

/^ ^ Dr. Dick of Scotland, so well known hoth in Europe and in this 
^ ( country, as the author of the Christian Philosopher, and other 
'^scientific and popular works, has prepared, expressly for the 
work, an Introduction on the Advantages of the Study of AstronO" 
my. So far as authority and name can go to give currency to the 
work, and to establish the confidence of teachers in it as a proper 
text book, this (Simple fact, the publisher flatters himself, furnishes 
every testimonial which can be desired: beside which, the con- 
tributions of Professor Olmsted, of Yale College, cannot but be 
read with extreme interest. 

The work has been thoroughly revised, and the errors of for- 
tner editions corrected: subsequent to which, it has undergone a 
thorough examination from one of our most eminent mathema- 
ticians and astronomers. It will be observed that several new 
Chapters, on the important subjects of Planetary Motion^ The Phe^ 
nomena of Day and Night, The Seasons, The Tides, This Obliguit/y 
of the Ecliptic, The Precession of the JEquinoxes, ^c, have been 
added. 

It is only necessary to observe the Atlas, to discover that the 
Plates have been engraved entirely anew, upon steel, and in a 
very superior and beautiful style. The figures of the Constella- 
tions are far more natural and spirited than those of the former 
Atlas. Especially, the characters which represent the stars are 
distinct, so that the pupil can discern, ai once, to what class they 
belong. One new plate has been introduced, illustrating to the 
^e, ihe Relative MagniMides, Distances, and Positions of the dif- 
ferent bodies which compase the Solar System. This plate the 
teacner will find to be of very important service, and to aid him 
much in his verbal explanations. The arrangement of the Plates 
in the present Atlas, is such, that the teacher and pupil can e&sily 
place tnem, in mind, so as to have a distinct view of the entira 
surface of the visible Heavens. 

Such Are the principal improvements which have been made 
II the work. They speak for themselves. The publisher knows 
not whav could express his satisfaction with the past, or his hopes 
for the f utoxe success of (he work, better than sucn improv *nent9. • 
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1 HIVE jmg felt the want of a Class Book, which shonld be to the 
stany heavens, what (Geography is to the earth ; a r 9rk that should 
exhibit, by \aeans of appropriate delineations^ the scenory of the 
heavens, the various constellations arranged in their oiier, point 
out and clat^dfy the principal stars, according to their magnitudes 
and places, and be accompanied, at the same tmie, with such fami- 
liar exercises and illustrations, adapted to recitation, as should briii* 
it within the pale of popular instructiun, and the scope of juvenile 
understandings. 

• Such a work I have attempted to supply. I have endeavoured tc 
Vnake the descriptions of the stars so mmiliar, and the instructions 
for finding them so plain, that the most inexperienced should no< 
fail to understand them. In accomplishing^ this, I have relied bui 
little upon globes and maps, or books, f very early discovered 
that it was an easy matter to sit down by a celestial ^lobe, and, by 
means of an approved catalogue, and the help of a little graduated 
slip of brass, make out, in detail, a minute description oi the stars, 
and discourse ouite familiarly of their position, magnitude and ar- 
rangement, ana that when all this was done, I had indeed given 
the pupil a few additional facilities for finding those stars upon thr 
artificial globe, but which left him, after all, about as ignorant of 
their apparent situation in the heavens, as before. I came, at length, 
to the conclusion, that any description of the stars, to be practical]} 
useful, must be made from a careful observation of the stars them- 
selves, and made at the time of observation. 

To be convinced of this, let any person sit down to a celestia: 
^obe or map, and from this alone, make out a set of instructions 
m regard to some favourite constellation, and then desire his pup! 
to trace out in the firmament, by means of it, the various stars which 
he has thus described. The pupil will find it little better than a 
fancy sketch. The bearings and distances, and especially, the com- 
parative brightness, and relative positions, will rarel3r be exhibitec 
with such accuracy that the young observer will be inspired with 
much confidence in his guide. 

I have demonstrated to rnvself, at least, that the most judicious it*- 
structions to put on paper for the guide of the young in this study 
ire diose which I have used most successfully, while in a clear eve* 
ning, without any chart but the firmament above, 1 have pointei 
out, with my finger, to a group of listeners, the various sturs which 
compose this and that constellation. 

In this way, the teacher will describe the sti.*& as they adually 
appear to the pupil — taking advantage of thosi iH'ious ani\ more 
striking features that serve to identify and to dis^n^vlsh them froTu 
til others. Now if these verbal instructions be co.'uinitted to wii- 
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ting and placed in the nands of any other pupil, they will auswe 
nearly the same end. This is the metb i which I nave pursued iiv 
this work. The descriptive part of it, at least, was not composed 
by the light of the sun, principally, nor of a lamp, but by the ligb* 
of the stars themselves. Having fixed upon the most conspieuoits 
star, or group of stars, in each constellation, as it passed the meri- 
dian, and with a pencil carefully noted all the identifying circum- 
stances of position, bearing, brightness, number and distance — their 
geometrical allocation, if any, and such other descriptive features 
as seemed most worthy of notice, I then returned to my room to tran- 
scribe and classify these memoranda in their proper order ; repeat- 
ing the same observations at different hours the same evening, sind 
CD other evenings ai various periods, for a succession of years i al- 
jrays adding such emendations as subsequent observations matured. 
To satisfy myself of the applicability of these descriptions, I have 
given detached portions oi them to different pupils, and sent them 
out to find the stars ; and I have generally had the gratification cf 
hearin|; them report, that " every thing was just as I had described 
it." If a punil found any difl&culty in recognizing a star, I re-tx- 
amined the aescription to see if it could be made better, and when 
I found it susceptinle of improvement, it was made on the spot. It 
is not pretended, however, that there is not yet much room for im- 
provement ; for whoever undertakes to delineate or describe every 
visible star in the heavens, assumes a task, in the accomplishment 
of which, he ma^r well claim some indulgence. 

The maps which accompany the work, in the outbnes and ar* 
rangement of the constellations, are essentially the same with those 
of Dr. Wollaston. They are projected upon the same principles 
as maps of Geography, exhibitmg a faithful portraiture of the hea- 
vens for every month, and consequently for every day in the year, 
nnd do not require to be rectified, for that purpose, like globes. 

They are calculated, in a good mei^ure, to supersede the neces^ 
sity of celestial globes in schools, inasmuch as they present a more 
natural view of the heavenly bodies, and as nearly all the problems 
which are peculiar to the celestial globe, and a great number be- 
sides, maybe solved upon them in a very simple and sati'<factory 
manner. They may be put into the hands of each individual in a 
class at the same time, out a globe cannot be. The student may 
conveniently hold them before his eye to guide his survey of the 
heavens, but a globe he cannot. There is not a conspicuous star 
in the firmament which a child of ten years may not readily find by 
their aid. Besides, the maps are always right and ready for use, 
while the globe is to be rectified and turned to a particular meri- 
dian ; and then if it be not held in that position for the time being 
it is liable to be moved hy the merest accident or breath of wind. 

There is another consideration which renders an artificial globe 
of very little avail as an auxiliary for acquiring a knowledge of the 
stars while at school. It is this : — the pupil spends on** perhaps 
two weeks, in solving the problems, and admirmg the fissures on it, 
in which time it has l^en turned round and round a hundred times; 
it is then returned safely to its case,, and some months afler\i ards, 
ur it may be the next evenmg, he directs his eve upwards to i ecosr- 
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niie his acqnaintioce among the stars. Uf* may find hu\i*.1t aUe 
10 recollect the names of the principal star^, and the oncoaUx forms 
by which the constellations are pictured oat ; but which ol' all tb« 
positions he has placed the globe in, is now so present to his mini 
that he is enabled to identify it with any portion of the visible he*- 
yensi 
U» looks in vain to see, 

" Lions and Centaurs, GoTfons, Hydras rise, 
And gods and heroes blaze along the skies." 

He findSj m short, that the bare study of the globe is one thing 
and that of the heavens quite another ; and he arrives at the con 
elusion, that if he would oe profited, both must be studied and com 
pared together. This, since a class is usually furnished with bol 
one globe, is impracticable. In this point of view also, the mapi 
are preferable. 

I nave endeavoured to teach the Geography of the heavens ia 
nearly the same manner as we teach the Greo^raphy of the earth 
What that does in re^rd to the history, situation, extent, popula« 
tion and principal cities of the several kingdoms of the earth, 1 
have done in regard to the constellations ; and I am persuaded, 
that a knowledge of the one may be as easily obtained, as of the 
other. The systems are similar. It is only necessary to change the 
terms in one, to render them applicable to the other. For this rea- 
son, I have yielded to the preference of the publisher in calling this 
work "Geography of the Heavens," instead of Uranoorapht, or 
some other name more etymologically apposite. 

That a serious contemplation of those stupendous works of the 
Most High, which astronomy imfolds, is calculated above all other 
departments of human knowledge, to enlarge and invigorate the 
I>owers of religious contemplation, and subserve the interests of ra- 
tional piety, we have the testimony of the most illustrious charac- 
ters that have adorned our ra$e. 

If the work which I now submit, shall have this tendency, I shall 
not have written in vain. Hitherto, the science of the stars has 
been but very superficially studied in our schools, for want of pro- 
per helps. They have continued to gaze npon the visible heavens 
without comprehending what they saw. Tney have cast a vacani 
eye upon the splendid pages of this vast volume, as children amuse 
themselves with a book which they are unable to read. They hav( 
caught here and there, as it were a capital letter, or a picture, bui 
they have failed to distinguish those smaller characters on whicli 
the sense of the whole depends. Hence, says an eminent Englisl 
Astronomer, " A comprehensive work on Descriptive Astr&iwmy 
detailing, in a popular manner, all the facts which have been ascer 
tained respecting the scenery of the heavens, accompanied with i 
variety of striking delineations, accommodated to the capacity o 
youth, is a desideraimm." How far this desirable end is acccm 
plished by the following work, I humbly leave to the pahliv. i> 
decide. 

Bartford, Feb, 183»d. 
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INTRODUCTION. 



ADVANTAGES OP THE STUDY OP ASTRONOMY 
THOMAS DICK, LL.D. 



Astronomy is a science which has, in ail ages, engaged the ai> 
tendon of the poet, the philosopher, and the divine, and been the 
subject of their study and admiration. Kings have descended from 
their thrones to render it homage, and have sometimes enriched it 
with their labours ; and humble shepherds, while watching iheir 
flocks by night, have beheld with rapture the blue vault of heaven, 
with its thousand shining orbs moving i^ "iient grandeur, till the 
morning star announced the approach ol day. — The study of this 
science must have been co-eval with the existence of man. For 
there is no rational being who, foi the first time, has lifted his eyes 
to the nocturnal sky, and behelrl the moon walking in brightness 
among the planetary orbs and the host of stars, but mvJi have been 
struck with awe and .admiration at the splendid scene, and its sub- 
lime movements, and excited to anxious inquiries into the nature, 
the motions, and the destinations of those far-distant orbs. Com- 
pared Vith the splendour, the amplitude, the august motions, and 
the ideas of infinity which the celestial vault presents, the most re- 
splendent terrestrial scenes sink into inanity, and appear unworthy 
of being set in competition with the glories of the sky. 

Independently ot the sublimity of its objects, ana the pleasure 
arising from their contemplation, AstronomJ^ is a study of vast 
utility, in consequence of its connexion with terrestrial arts and 
sciences, many of which are indebted to the observations and the 
principles of this science for that degree of perfection to which thev 
nave attained. 

Astronomy has been of immense utility to the science of 

GEOGRAPHY; 

for it is chietly m consequence of celestial observations tnat thf 
tnu Jlgure of the earth has been demonstrated and its density as* 
ccrtained. It was from such observations, made on the mountain 
Sehehullien in Scotland, that the attraction of mountains was de- 
ermined. The observations were made by taking the meridian 
distances of different fixed stars near the zenith, first on the south, 
and aflerwards on the north side of the hill, when the plumb line *•* 
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Jie Sei.**.or was fotuid, m both cases, to be deflected firora the per* 
pendicular towards the mountain ; and, from calculations founded 
on th«> (quantity of this deflection, the mean density of the earth was 
ascer amed. it was likewise by means of celestial observations 
that the length of a decree of the meridian was measured, and the 
circumference of thb globe, with all its other dimemiions accurately 
ascertained ; for, to ascertain the number of degrees betweeL any 
two parallels on the Earth's surface, observations must be taken, 
with proper instruments, of the sun or of the stars, at different sta- 
tiuns ; and the accurate measurement of the terrestrial distance be- 
tween any two stations or parallels, partly depends on astronomical 
observations combined with the principles and operations of Tngo- 
Qometjy. So that without the aids of this science the figure and 
density, the circumference and diameter of our terrestrial habita- 
tion, and the relative position of places on its surface, could never 
have been ascertained. 
Astronomy is likewise of great utility to the art cf 

NAVIGATION; 

without a certain knowledge of which the ma/iner could nevei 
have traced his course through pathless oceans to remote regions— 
the globe would never have been circumnavigated, nor an inter- 
course opened between the inhabitants of distant lands. It is of 
essential importance to the navigator, not only to know the situation 
of the port to which he is boimd, but also to ascertain with pre- 
cision, on what particular portion of the terraqueous globe he is at 
^ any time placed — what course he is pursuing— how far he has tra- 

I veiled from the port at which he embarked — ^what dangerous rocks 

or shoals li^near the line of his course — and in what direction he 
must ?teer, m order to arrive, by the speediest and the safest course, 
to hi» destined haven. It is only, or chiefly, by astronomical obser- 
vations that such particulars can be determined. By accurately 
observing the distuice between the moon and certain stars, at a 
particular time, he can calculate his distance East or West from a 
given meridian ; and, by taking the meridian altitude of the sun or 
of a siSLTf he can learn hi* distance flrom the Equator or from the 
poles of the world. In such observations, a knowledge of the con- 
stellations, of the polestar, and of the general positions of all the 
stars of the first and second magnitude, is of particular importance ; 
and, therefore, a navigator who is unacouamted with the science 
of the heavens, ought never to be appomtea to conduct a ship throagh 
me Indian, the Atlantic, or the Pacific oceans, or through any por- 
tions of the sea which is not within sight of land. 6v the observa- 
tions founded on astronomical science, which have been made in 
diflTerent regions, by mariners and travellers of various descriptions, 
the latitudes ana longitudes of the principal places on the globe, 
and their various bearing[s and relations have been determined, so 
that we can now take a view of the world we inhabit in all its mul- 
tifarious a.^pects, and direct our course to any quarter of it, either 
for business, for pleasure, or for the promotion of philanthropic ob- 
jects. Thur, Astronomy has likewise become oi^ immense utility 
to Trade and OrmM/erce^ in opening up new empr nums {<.>^ uur 
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aianufacture: , in augmenting and multipl}'tng the sources of weaUh^ 
m promoting an intercourse between tne most distant nations, aikc! 
enabling us to procure, for our accommodation or luxury, the pro< 
ductions of every climate. If science has now explored almost 
every region ; if Politics and Philosophy have opened a commuai- 
cation between the remotest inhabitants of the globe ; if allianceti 
have been formed between the most distant tribes of mankin I ; if 
Traffic has explored the multifarious pioductions of the earth and 
seas, and transported them from one country to another, and, if 
heathen lands and barbarous tribes have been " visited with the 
Day-spring from on high, and the knowledge of salvation," — it is 
owmg to the aids derived from the science of the stars, without 
which the continents, the islands, and the different aspects of our 
globe would^never have been explored by those who were separa- 
ted from them by intervening oceans. 
This science nas been no less useful to 

^AGRICULTURE, 

and to the cultivators of the earth. The successful cultivation of the 
soil depends on a knowledge of the course of the sun, the exact length 
of the seasons, and the periods of the year most proper for the opera- 
tions of tillage and sowing. The ancients were directed in these 
operations, in the first instance, by observing the courses of the 
moon, and that twelve revolutions of this luminary corresponded 
nearly with one apparent revolution of the sun. But findmg the 
coincidence not exact, and that the time of the seasons was change 
ing — in order to Imow the precise bounds of the sun's annual course, 
and the number of days corresponding to his apparent yearly revo- 
lution, they were obli^^ed to examine with care what stars were 
successively obscured m the evening by the sun, or Overpowered 
by the splendour of his light, and what stars were beginning to 
emerge Irom his rajrs, and to re-appear before the dawn of the 
morning. By certam ingenious methods, and numerous and at- 
tentive observations, they traced out the principal stars that lay in 
the Une of the sun's apparent course, ^ave them certain names by 
which they might be afterwards distinguished, and then divided 
the circle of the heavens in which the sun appears to move, first 
into quadrants, and afterwards into 12 equal parts, now called the 
signs of the Zodiac, which they distinguished by names corrc^ondr 
mg to certain objects and operations connected with the dinerent 
seasons of the year. Such were the means requisite to be used for 
ascertaining the length of the year, and the commencement of' the 
different seasons, and for directing the labours of the husbandman ; 
— and, were the knowledge of these things to be obliterated by any 
extensive moral or physical convulsion, mankind would again m 
under the necessity of naving recourse to astronomical observations 
ibr determining the limits of the solar year, and the course of the 
seasons Although we find no difficulty, in the priesent day, and 
require no anxious observations, in determining the seasons, yet 
beiore astronomical observations were made with some degree of 
accuracy, the ancient Greeks had to watch the rising of Arctunu 
the Pleiades and Orioiif to mark their seasons, and to determine tN 
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pTtjptT time for their agnctiltural 1at)oiirs. The n.<iing of t}i« stai 
Sinus along with the sun, announced to the Egyptians* the pec^ 
when they might exnect the overflowing of the Nile, and, cootb- 
qnently, the time when they were to sow their pain, cut their ca- 
nals and reservoirs, and prepare the way for their expected harvest. 
The science of 

CHRONOLOGY, 

likewise depends on celestial observations. The knowledge of an 
exact measure of time is of considerable importance in arranging 
land conducting the affairs of life, without which, society in its 
movements would soon run mto confusion. For example, if we 
could not ascertain, within an hour or two, when an assembly 
or any concourse of human beings was to meet for an important 
purpose, all such purposes would soon be frustrated, and human 
improvement prevented. Our ideas of time or succession in du- 
ration, are derived from motion; and in order to its being divi- 
ded into equal parts, the motions on which we fix as standards of 
time must be constant and uniform, or at least, that any slight de-^ 
▼iation from uniformity shall be capable of being ascertaii^ed. ' 
But we have no imiform motion on earth by which the Iwe tf 
duration can be accurately measured. Neither the flight of oirds, 
the motion of the clouds, the gentle breeze, the impetuous whirl- 
wind, the smooth-flowing river, the roaring cataract, the falling 
rain, nor even the flux and reflux of the ocean, regular as they 
generally are, could aflbrd any certain standard for the measure 
of time. It is, therefore, to the motion of the celestial orbs alone 
that we can look for a standard of duration that is certain and invar 
riable, and not liable to the changes that take place in all terreiitrial 
movements. Those magnificent globes which roll around us m 
the canopy of the sky — whether their motions be considered as 
real or only apparent, move with an order and regularity which is 
not found in any physical agents connected with our ^lobe ; and 
when from this quarter we have derived any one invariable mea- 
sure of time, we can subdivide it into the minutest portions, to 
subserve all the purposes of civil life, and the improvements of 
science. Without the aids of astronomy, therefore, we should have 
had no accurate ideas of the lapse of time, and should have been 
obliged, like the rude savage of the desert, to compute our time by 
the falls of snow, the succession of rainy seasons, the melting of tlie 
ice, or the progress and decay of vegetation. 

Celestial observations, in consequence of having ascertained a 
regular measure of time, have enabled us to fix chronological dates, 
and to determine the principal epochs of History. Many of those 
epochs were coincident with remarkable eclipses of the sun or 
moon, which the ancients regarded as prognostics of the loss of 
battles, the death of monarchs^ and the fiul of empires; and which 
are recorded in cotmexion ^^ith such events, where no dates are 
aientioned. ^ The astronomer, therefore, knowing the invariable 
movements of the heavenly orbs, and calculating backwards through 
the past periods of time, can ascertain what remarkable eclipses 
must have been visible at any particular time and place, ^d con« 
^quenily, can determine the precise date of contemporary events. 
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Cai\usius, for ezan^ple, founds his ChroDology on 144 eclipo? o« 
ihc sun, aiid V21 of tne moon, which he had calculated for tne pur 
pAe of determining epochas and iiettling dates. The grand cook 
junction of the planets Jupiter and Saturn, which occurs once tn 
800 years, in the same point of the zodiac, and which has hap|)ened 
anlv eight times since the Mosaic Creation, furnishes Chronology 
with incontestable proofs of the date of events, when such phenomena 
happen to be recorded. On such data, Sir Isaac Newton dcteiw 
mmed the period when Thales the philosopher flourished, paitica- 
larly from the famous ecjipse which he predicted, and which ha{w 
pened just as the two armies under Algattes^ king of Lydia, and 
Cyaxares the Mede were engaged ; and which has oeen calculated 
to have happened in the 4th year of the 43d Oh^mpiad, or in the 
rear before Christ 603. On similar grounds l5r. Halley, a cele- 
brated astronomer of the last century, determined the very day and 
hour of the landing of Julius Cesar in Britain, merely from the 
circumstances stated in the "Commentaries" of that* ill ui>iriou8 
general. 
Astronomy has likewise lent its aid to the 

» PROPAGATION OP RELIGION, 

• 
and the conversion of tne heathen world. For, without the light 
derived from this celestial science, oceans would never have been 
traversed, nor the continents and islands explored where benighted 
nations reside, and, consequently, no messengers of Peace could 
have been despatched to teach them " the knowledge of salvation, and 
to guide their steps in the way of peace." But^ with the dirf*ctioQ 
afforded by the heavenly orbs and the magnetic needle, thousands 
of Christian missionaries, along with millions of bibles, may now 
be transported to the most distant continents and islands of the ocean, 
to establish among them the " Law and Testimony" of the Most 
High — to illume the darkne&s and counteract the moral abomina- 
tions and idolatries of the Pagan world. If the predictions o. an- 
cient prophets are to be fulfilled ; if the glory of Jehovah is to cover 
the earth ; if " the isles afar off," that have not yet heard of the fame 
of the Redeemer, nor seen his glory, are to be visited with the 
*' Day-spring from on high," and enrolled among the citizens of 
iSion ; ii the world is to be regenerated, and Righteousness and 
Praise to spring forth before all nations — those grand events will 
be accomplished partly through the influence and airection of those 
celestial luminaries which are placed in the firmament to be for 
signs, and for seasons, and for days and years. The light reflected 
from the material heavens will lend its aid in illuminating the minds 
cf the benighted tribes of mankind, till they be prepared for being 
transported into those celestial mansions wheie knowledge shall 
be perfected, and Sovereign power triumphant. It will be likewiss ^ 
lTf*m aid derived from the heavenly orbs that tht desolate wastes "^ 
of the globe in every region- will be cultivated and replenished with 
inhabitants. For the Almigh^ " created not the earth in vain, bo 
fbrmed it to be inhabited ;" and. his purpose in this respect must u) 
umatcly be accomplished: and the process of pecpling and cultiv»- 
iiflo is vow going forward in New Holland, van Diemen's Lantft. 



Africa, the Western Statcii of America, and other re.q:i(>nr- *ntrf 
sterility and desolation have prevailed since the universal Deluge. 
But how could colonies of men be transported from civilized n^ 
lions to those distant regions unless by the guidance of celestial la- 
minaries, and by the aid of those arts' which are founded on the ob- 
sefvations of astronomy 1 So that this science ej^eris an extensive 
and beneficial influence over the most important affairs of mankind. 
In short, astronomy, by unfolding to us the causes of certain ce 
lestial phenomena, has tended to 

DISSIPATE SUPERSTITIOUS NOTIONS 

and vain alarms. In former ages the approach of a blazing comet, 
or a total eclipse of the sun or moon, were regarded with universal 
cunsternation as prognostics of impending calamities, and as har- 
bingers of Divine vengeance. And even in the present day, such 
notions prevail among most of those nations and tribes that are un- 
acquainted with astronomical science. During the darkness occa- 
sioned by a solar eclipse, the lower orders of Turkey have been 
seen assembling| in clusters m the streets, ^zing wildly at the sun, 
runnmg about in wild distraction, and firing volleys of muskets m. 
the sun to frighten away the monster by which they supposed it 
was about to be devoured. The Moorish song of death, or the 
howl they make for the dead, has been heard, on such occa.sions. 
resounding from the mountains and the vales, while the women 
brought into the streets all the brass pans, and vessels,* and iron 
atensils they could collect, and striking them with all their force, 
and uttering dreadful screamjs, occasioned a horrid noise that was 
h'itLT'^ for miles around. But astronomy has put to flight such ter- 
rific phantoms and groundless alarms, bv unfolding to us the true 
causes of aii sucn p|henomena, and stiowins: us rhai they happen in 
exact conformity with those invariable laws by which the Almighty 
conducts the machine of the universe — that eclipses are merely the 
effects of the shadow of one opaque globe falling upon another, and 
ihat comets are bodies which move in regular, but long elliptical 
orbits — which appear and disappear in stated periods of lime, and are 
destined. to subserve some grand and beneficent designs in the sys- 
tem to which they belong. So that we may now contemplate all 
such celestial phenomena, not only with composure and tranquillity, 
but with exultation and delight. In short, astronomy has under- 
mined the absurd and fallacious notions by which the professors of 
Judicial Astrology have attempted to impose on the credulity of 
mankind, under pretence of disclosing the designs of FaUy and 
the events of futurity. It shows us, that the stars are placed at im- 
measurable distances from our terrestrial sphere — ^tnat they can 
have no influence upon the earth, but what, arises from the law of 
universal gravitation — ^that the great end for which they were crea- 
ted was to difluse light, and to perfoml other important services in 
regions infinitely distinct from the sphere we occupy — ^that the pla- 
nets are bodies of difl^erent sizes, ana somewhat similar to the globe 
on which we live — that all their aspects and conjunctions a-e the 
result of physical laws which are re^lar and immutable — and that 
no data can be nsrertaioed on which it can be proved that the;f 
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exert a moral influence on the temperaments and destinies of mjca 
except in so far as they tend to raise our affections to their Al- 
mighty Author, and excite us to confide m his care, and to contem^ 
plate the effects of his wisdom and omnipotence. Th<i hcaveiirt 
are set before us, not as the " Book of Faie^^' in which we may pry 
into the secrets of our future destiny, which would only serve to 
destroy activity, and increase the pressure of our present afflictions 
— but as the " Book of God," in wnich we may read his wondrous 
works, contemplate the glory of his eternal empire, and be excited 
to extend our views to those expansive scenes of endless felicity 
which await the faithful in the realms above. 

Independently of the considerations aSove stated, the studv of as- 
tronomy is attended with many advantages in a moral, intellectua], 
and religious point of view. 

L. This department of science unfolds to us Ike most striking dis- 
vUiys of the perfections of the Deity ^ — ^particularly the grandeur of 
nis Omnipotence, His Wisdom is conspicuously displayed in the 
general arrangement of the heavenlv orbs, paiiicularly in reference 
to the globes which compose the solar system — in placing near the 
centre of this system that immense luminary the Sun^ from whence 
light and heat might be distributed, in due proportion, to all the 
worlds tlu roll around it — in nicely proportionating the motions 
and distances of all the planets primary and secondary — in uniting 
*hem in qne har*- jnious system, by one grand universal law which 
prevents then aom flying off in wild confusion through the infini- 
ty of space — m the constancy and regularity of their motions, no 
one inf*»''fering with another, or deviating from the course pre- 
scribea — m the exactness with which they run their destmed 
rounds, finishing their circuits with so much accuracy as not to de- 
viate from their periods of revolution, the hundredth part of a mi- 
nute in a thousand years — in the spherical figures given to all those 
mififhty orbs, and the diurnal motions impressed upon them, by 
which a due proportion of light and heat is diffused over every part 
of their surface. The Benevolence of the Deitv shines no less con- 
spicuous in those upper regions, in ordering all the movements and 
arrangements of the celestial globes so as to act in subserviency to 
the comfort and happiness of sentient and intelligent beings. Jror, 
the wisdom of Ooi is never employed in devising means without 
an end ; and the grand end of all his arrangements, in so far as our 
views extend, is the commtmication of happiness ; and it would be 
inconsistent with the wisdom and other perfections of Grod not to 
admit, that the same end is kept in view %n every part of his domin-^ 
ianSf however far removed fcom the sphere pf our contemplation. 
The heavens, therefore, must be considered as presenting a bound* 
jess scene of Di'ine benevolence. For they unfold to view a count- 
less number of magnificent globes, calculated to be the habitations 
of various orders of beings, and which are, doubtless, destined to be 
ike abodes of intellectual life. For the character of the Deity would 
be impeached, and his wisdom virtually denied, were we to sup- 
pose bun to arrange and establish a magnificent series of meam 
Mrithout an end corresponding, in utility and dignity, to the ^ran- 
i^our of the contrivance. When, therefore, we consider the uinu- 
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merable worlds which must exist throughout the immensity •f 
soace, the coimtless myriads of intelligences that })eGplc tiiem,' ihe 
vtirious ranks and orders of intellect that may exist amou^ ihem, 
the innumerable diversified arrangements which are made lor pro- 
moting their enjoyment, and the peculiar displays of Divine beni^ 
nity enjoyed in every world — ^we are presented wiih a scene of Di- 
vine goodness and benelic«nce which overpowers our conceptions, 
and throws coinpletely into the shade all that we perceive or enjoy 
within the connnes of this sublunary world. And, although the 
minute displays of Divine benevolence in distant worlds are ud 
yet particularly unfolded to our view, yet this circumstance does 
not prove that no such displays exist ; —and as we are destined to 
an immortal life, in another region of creation, we shall, doubtless, 
be favoured with a more expansive view of the effects of Divine 
benignil3r in that eternal scene which lies before us. 

But this science exhibits a more striking display than any other 
of the Omnipotent energies of the Eternal Mina. It presents before 
us objects of overpowering magnitude and splendour — ^planetary 
globes a thousand times larger than the earth — ^magnificent rincis 
which would nearly reach from the earth to the moon, and would 
enclose within theili vast circumference 500 worlds as lar^e as 
ours — suns a million times larger than this earthly ball, difiusing 
their light over distant worlds — <uid these suns scattered in every 
lirection through the immensity of space, at immeasurable distances 
from each other, and in multitudes of groups which no man can 
numbe % presenting to the eye and the imagmation a perspective ol 
starry systems, boundless as immensity. — it presents to our view 
motions so astonishing as to overpower and almost terrify the ima- 
gination — ^bodies a thousand times larger than the earth njring with 
a velocity of 29,000 miles an hour, performing circuits more than 
three thousand millions of miles in circumference, and carrying 
Along with them a retinue of revolving worlds in their swiit career; 
nay, motions, at the rate of 880,000 miles an hour, have been per- 
ceived among the celestial orbs, which as far surpass the motions 
we behold aroimd us in this lower world, as the heavens in height 
surpass the earth. Such motions are perceived not only in the so- 
lar system, but in the most distant regions of the universe, among 
double stars — they are regular and uninterrupted — they have been 
l^ing forward for thousands, perhaps for millions of years — there 
IS perhaps no body in the universe out is running its round with 
similar velocity ; and it is not unlikely that the whole machine oi 
tmiversal nature is in perpetual motion amidst the spaces of immen- 
sity, and will continue thus to move throughout all the periods of 
endless duration. Such objects and such motions evidently display 
the onmipotence of the Creator beyond every other scene which 
creation presents: and, when seriously contemplated, cannot but 
inspire us with the most lofty and impressive conceptions of the 
" eternal power'' and majesty 'of Him who sits on the throne of the 
aniverse, and by whom all its mighty movements are conducted. 
They demonstrate, that his agency is universal and uncoTUroUablt 
•*-that he is able to accomplish all his designs, however incompr^ 
aensiblp to mortals— that no created being can frustrate his pur 
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p^es, and that he is worthy of our highest affection, and our ix\re^ 
«nt adoration. 

2. Astronomy drspiays before us tie exteiU and grandeur of VSotti 
universal empire. The ^lobe we inhabit, with all its appendage^, 
forms a portion of the Divine empire, and, when minutely invcsii 
gtited, exhibits a striking display of its Creator's power, tenigniiy. 
and intelligence. But it forms only one small province of his uni- 
versal dominions — an almost undistinguishable speck in the greai 
map of the universe : and if we confine our views solely to the lim- 
its of this terrestrial ball, and the events which have taken place on 
its surface, we must form a very mean and circumscribed idea of 
the extent of the Creator's kingdom and the range of his moral go- 
vernment. But the discoveries of astronomy have extended out 
views to other provinces of the empire of Omnipotence, far moiv* 
spacious and magnificent. They demonstrate, that this earth, wirh 
all its vast oceans and mighty continents, and numerous population, 
ranks among the smaller provinces of this empire — that the globes 
composing the S3rstem to which it belongs, (without including the 
sun,; contain an extent of territory more thaii two thousand limes 
larger than our world — ^that the sun himself is mofe than 500 times 
larger than the whole, and that, although they^^ere all at this mo- 
ment buried in oblivion, they would scarcely be missed by an eye 
that could survey the whole range of creation. — They demonstrate, 
that ten thousands of suns, and ten thousand times ten thousands oi 
revolving worlds are dispersed throughout every region of bound- 
less space, displaying the creating and supporting energies of Om- 
nipotence; and consequently, are all under the care and superirv- 
tendence of Him " who doth according to his will in the armies o\ 
heaven, and among the inhabitants of the earth." Such an empire, 
and such only, appears corresponding to the perfections cf Him 
who has existed from eternity past, whose power is irresistible, 
whose goodness is unbounded, and whose presence fills the immen- 
sity of space; and it leads us to entertain the most exalted senti- 
ments 01 admiration at the infinite intelligence implied in the super- 
intendenee of such vast dominions, and at the boundless beneficenrt 
displayed among the countless. myriads of sensitive and intellectual 
beings which must people his wide domains. 

3. The objects wnich this science discloses, afford subjects oj siti/}- 
lime contemplation^ and tend to elevate the soul aSove vicious passions 
and grovelling pursuits. In the hours of retirement and solitude 
what can be more delightful, than to wing our way in imagination 
amidst the splendid objects which the firmament displays — to take 
our flight along with the planets in their wide career — to behold 
them running tneir ample rounds with velocities fcrt}- times swifter 
than a cannon ball — to survey the assemblages of tlieir moons, re- 
rolving around them in their respective orders, and carried at tlR» 
same time, aloug with their primaries, through the depths of space 
—to eontemplfijte the magnificent arches which adorn tne firmameni 
cf Saturn, whirling round that planet at the rate of a thousand mil^*' 
in a minute, and displaying their radiance and majestic movemm" 
■o in admiring population — to add scene to scene, and magni!tid'» 
>o nngniuide, till the mind acquire an ample conception of suoti 
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•iifnisi objecu — ^to dive into the depths of infinite space HII we tie 
Murroanded with myriads of suns and systems of worlds, extending 
4»eyoiid the range of mortal comprehension, and all running their 
ap{>ointed rounds, and accomplisliing the designs of beneficence in 
olicdience to the mandate of their Almighty Author 1 Such objects 
afford matter for rational conversation, and for the most elevated 
contemplation. In this ample field the most luxuriant imagination 
may range at large, representing scenes and objects iu endless te 
riety and extent ; and, after its boldest excursions, it can scarcely 
go beyond the reality of the magnificent objects which exist withii 
the range of creating power and intelligence. 

The frequent contemplation of such objects tends to enlarge the 
capacity of the mind, to ennoble the human faculties, and raise the 
soul above grovelling affections and vicious pursuits. For the dis- 
|)Ositions of mankind and their active pursuits generally correspond 
to the train of thought in which they most frequently indulge. If 
these thoughts run among puerile and vicious objects, such will be 
the general character of their affections and conduct. If their traic 
of thinking take a more elevated range, the train of their actions, and 
the passions they dibplay, will, in some measure, be correspondent 

Can we suppose, that a man whose mind is daily conversant witk 
the noble and expansive objects to which I have adverted, would 
dave his soul absorbed in the pursuits of ambition, tyranny, oppres- 
sion, war, and devastation 1 

Would he rush like a madman through burning cities, and man- 
^.cd carcasses of the slain, in order to trample *under foot the rights 
of mankind; and enjoy a proud pre-eminence over his fellows — and 
find pleasure in such accursed pursuits 1 

Would he fawn on statesmen and princes, and violate every 
moral principle, in order to obtain a pension, or a post of opulence or 
honour 1 Would he drag his fellow-men to the stake, because they 
worshipped God according to the dictates of their consciences, and 
behold with pleasure their bodies roasting in the flames 1 

Would he drive men, women, and children from their homes, 
loaded with chains and fetters, to pine in misery lind to perish in a 
distant land, merely because they asserted the rights to which they 
were entitled as citizens and as rational beings 1 

Or, would he degrade himself below the level of the brutes by a 
daily ii dulgence in rioting and drunkenness, till his faculties were 
benumbed, and his body found wallowing in the mirel 

It is scarcely possible to suppose that such passions and conduct 
would be displayed by the man who is habitually engaged in celes- 
tial contemplations, and whose mind is familiar with tli^ august ob- 
jects which the firmament displays. " If men were taught to act 
in view of all the bright worlds which are looking down upon 
them, they could not be guilty of those abominable cruelties'* 
which some scenes so mournfully display. We should then expe<*-t, 
that the iron rod of oppression v/ould be broken in pieces — that wiir 
would cease its honors and devastations — that liberty would be 
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prcciaimed to the captives— that " righteousness would run doii n 
our !$treets as a river," and a spirit con&^enial to that of the inhabits 
anui of heaven would be displayed by the rulers of nations, and hv 
all the families of the earth. For all the scenes, which the finna- 
ment exhibits have a tendency to inspire IranquUlily — to produce a 
love 01 harmony and ordeTy to stain Ike pride of human. grafuUnr-- 
to display the riches of Divine beneficence — ^to excite admiraiioa 
and reverence — ^and to raise the soul to God as the Supreme Director , 
Df universal nature, and the source and centre of all true enjoy- 
ment; — and such sentiments and affections are directly opposed to 
ths degrading pursuits and passions which have contaminated the 
wocieiy of our world, and entailed misery on our species. 

I might have added, on this head, that the study of this subject 
has a peculiar tendency to sharpen and invigorate the mental lac 
ulties. It requires a consideraole share of attention and of intek 
\ectual acumen to enter into all the particulars connected with the 
principles and facts of astronomical science. The elliptical foim 
of the planetary orbits, and the anomalies thence arising, the muta- 
tion ol the eait)i's axis, the causes of the seasons, the difficulty of 
reconciling the apparent motions of the planets with their real mo- 
tions in circular or elliptical orbits, the effects produced by centri- 
ftigal and centripetal forces, the precession of the equinoxes, the ab- 
erration of light, the method of determining the distances and-mag- 
niludes of the celestial bodied, mean and apparent time, the irregu- 
larity of the moon's motion, the difficulty of forming adequate ideas 
of the immense spaces in which the hoavenly bodies move, anr! 
their enormous size, «nd various other particulars, are apt, at firs* 
view, to startle and embarrass the mmd, as if they werejoeyond the 
reach of its comprehension. But, when this science is imparted to 
the young under the guidance of enlightened instructors — when 
they are shown not merely pictures, globes and orreries, but direct- 
ed to observe with their own eyes, and with the assistance of teles- 
copes, all the interesting phenomena of the heavens, and the mo- 
tions which appear, whether real or apparent — ^when they are shown 
the spots of tne sun, the moons and nelts of Jupiter, the phases ol 
Venus, the rings of Saturn, and the mountains and vales which 
diversify the surface of the moon — such objects tend to awaken the 
attention, to exnand the faculties, to produce a taste for rational in- 
vestigation, ana to excite them to more eager and diligent inquiries 
into the subject. The objects appear so grand and novel, and strike 
the senses with so much force and pleasure, that the mind is irre- 
sistibly led to exert aJ its energies in those investigations and ob- 
servations by which it may be enabled to grasp all the principle? 
and facts of the science. And every difficulty which is surmounted 
adds a new stimulus to the exertions of the intellect, urgijs it for- 
ward with delight in the path of improvement, and thus invigorates 
the mental powers, and prepares them for engaging with spirit and 
alacrity in every other investigation. 

4. The study nf astronomy has a tendency to moderate the pride oj 
wtan, and to promote humility. Pride is cne of the distinguishing 
characteristics of puny man, and has been one of the chief causes 
•f all the contentions, wars, devastations, oppressions, systenks of 
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sloi'^ry, despotisms, and ambitious projects which have desolated 
and demoralized our sinful world. Yet there is no disposition more 
incongruous to the character and circumstances of man. Perhaps 
there are no rational beings throughout the universe amon^ whom 
piide would appear more unseemly or incompatible than m man; 
considering the abject situation in which he is placed. He is ex- 
posed to innumerable degradations and calamities, to the rage oi 
storms and tempests, the devastations of earthquakes and volcanoes, 
the fury of whirlwinds, and the tempestuous billows of the ocean, 
the ravages of the sword, pestilence, famine, and numerous di$ 
eases, and, at leng^th, he must sink into the grave, and his body be> 
come the companion of worms. The most dignified and haughty 
of the sons of men are liable to such degradations, and are frequent- 
ly dependent on the meanest fellow creatures whom they despise, 
lor the greater part of their accommodations and comforts. Yet, 
in such circumstances, man, that puny worm of the dust, whose 
knowledge is so limited, whose follies are so numerous and glaring 
— has the effrontery to strut in all the haughtiness of prides and tu 
glory in his shame. When ^riptural arguments and motives pro- 
duce little effect, I know no considerations which have a more poiy- 
erful tendency to counteract this deplorable propensity of human 
beings than those which are borrowed from the objects connected 
•cith astronomy. They show us what an insignificant being — what 
a mere atom, mdeed, man appears amidst the immensity of crea- 
tion. What is the whole of this globe, compared with the solar sys- 
tem, which contains a metss of matter ten nundred thousand times 
greater 1 Whi^t is it in comparison of the hundred millions of suns 
and worlds which the telescope has descried throughout the starry 
1 egions, or of that infinity of worlcbss which doubtless lie beyond the 
rnnge of human vision in the unexplored regions of immensity? 
What, then, is a kingdom, or a province, or a oaronial territory, of 
which we are as proud as if we were the lords of the universe, and 
for which we engage in so much devastation and carnage ! What 
are they when set in competition with the glories of the sky ! Could 
we take our station on the lofty pinnacles of heaven, and look down 
km this scarcely distinguishable speck of earth, we should be ready 
to exclaim with Seneca^ " Is it to this little spot that the great de- 
signs and vast desires of men are confined 1 Is it for this there is 
so mUch disturbance of nations, so much carnage, and so many ru- 
inous warsi O folly of deceived men, to imagine great kingdoms 
in the compass of an atom, to raise armies to divide a point of earth 
with the sword !" It is unworthy of the dignity of an immortal 
mind to have its affections absorbed in the vanishing splendours of 
earthly grandeur, and to feel proud of the paltry possessions and 
distinctions of this sublunary scene. To foster a spirit of pride and 
vaing^lory in the presence oi Him who " sitteth on the circle of the 
heavens," and m the view of the overwhelming grandeur and im- 
mensity of his works, is a species of presumption and arrogance of 
which every rational mind ought to feel ashamed. And, therefore, 
vre have reason to believe, that those multitudes of fools, " dressed 
n a little brief authority," who walk in all the loftiness of pride 
iT'^e ntrt vet considered the mnk rhev htld in the scale of univerfa' 
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btiing ; — ^and that a scnoiis contemplation of the immen.siti oi rrt^st- 
tion would have a tendency to convince us of our ignorance ariJ 
nothingness, and to humble us in the dust, in the presence of Uie 
Former and Preserver of all worlds. We have reason to believe 
that the most exalted beings in the universe — those who are fur- 
nished with the most capacious powers, and who have arrived 9I 
the greatest perfection in knowledge — are distinguished by a pro* ' 
portional share of humility ; for, m proportion as they advance iu 
their surveys of the universal kingdom of Jehovah, the more wiL 
they feel their comparative ignorance, and be convinced of the if 
limited faculties, and of the infinity of objects and operations which 
lie beyond their ken. At the same time thej will reel, that all the 
faculdes they possess were derived from Hmi who is the original 
fountain of existence, and are continually dependent for their exer- 
cise on his sustaining energy. Hence we find, that the angelic 
tribes are eminently distinguished for the exercise of this heavenly 
virtue. They " cover their faces with their wings" in the presence 
of their Sc»vereign, and fly, with cheerfulness, at his command, lo 
our degraded world, " to minister to the heirs of salvation." It is 
only in those worlds where ignorance and depravity prevail (if there 
be any such besides our own) that such a principle as pride is known 
or cherished in the breast of a dependent creature — and therefore 
^very one in whom it predomiruttes^ however high his station 01 
worldly accomplishments, or however abject his condition may be, 
must be considered as either ignorant or depraved, or more pro[)- 
erly, as having both those evils existing in his constitution, the one 
being the natural and necessary result of the other. 

5. The studies connected with astronomy tend to prepare the souJ 
for tke employments of the future world. In that world, the glory ol 
the Divine perfections, as manifested throughout the illimitable 
tracts of creation, is one of the objects which unceasingly employ the 
contemplation Of the blessed. For they are represented in their ado- 
rations as celebrating the attributes of the Deity displayed in his 
operations : " Great and marvellous are thy worts, Lor3 God Al- 
mighty I thou art worthy to receive glory and honour and power. 
lor thou hast created all things, andjbr tny pleasure they are and 
were created." Before we can enter that world and mmgle wiih 
its inhabitants, we must acquire a relish, for their employments, antl 
Kome accjuamtance with the objects which form the subject of their 
sublime investigations ; otherwise, we could fed no enjoyment in 
Jie society of heavenly intelligences, and the exercises m which 
they en^ge. The investigations connected with astronomy, and 
the frequent contemplation of its objects, have a tendency to j^ro- 
pare us for such celestial employments, as they awaken aUeTitlon la 
ruch subjects, as they invigorate the faculties, and enlarge the ca- 
pacity of* the intellect, as they suggest sublime inquiries, and desires 
for ftirther information which may afterwards be gratified ; as they 
form the ^oimdwork of the progress we may afterwards make iii 
that state m our surveys of the Divine operations, and as they ha- 
bituate the mind to take large and comprehensive views of the era- 
pire and moral government of the AIniishty. Those who have 
mide prepress m such studies, under the influence of holy di^o^i- 
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bons. ?rt«iy be considered as fitted to enter heaven with peruhar ad- 
▼ttntaj^cs, as they will then be introduced to employments and invei»- 
ligations to which they were formerly accustomed, and for which 
they were prepared — in consequence of which they may be prepared 
for filling stations of superior eminence in that world, and for di- 
recting the views and investigations of their brethren who enjoyed 
few opportunities of mstruction and improvement in the present 
state. For we are informed, in the sacred records, that " they who 
are wise," or as the words should be rendered, " they who excel in 
wisdom shall shine as the brightness of the firmament, and they that 
turn many to righteousness, as the stars for ever and ever." 

6. The researches of astronomy demonstrate, that it is in tfi£ 
povKT of the Creator to open to his mtelligent offspring endless smir- 
ces of felicity. In looking forward to the scene of our future desti- 
nation, we behold a series of ages rising in succession without any 
prospect of a termination ; and, at first view, it might admit of a 
doubt, whether the universe presents a scene so diversified and 
boundless, that intelligent beings, during an endless duration^ could 
expect that new scenes of glory and felicity mi^ht be contmually 
opening; to their view, or, whether the same series of perceptions 
and enjojrments might'not be reiterated so as to produce satiety and 
indifference. Without attempting positively to decide on the par- 
ticular scenes or sources of happiness that may be oj)ened in the 
eternal world, it may be admitted, that the Ddty has it in his power 
to .gratify his rational creatures, during every period of duration, 
with new objects and new sources of enjoyment ; and, that it is the 
science of astronomy alone which has presented us with a demon- 
stration, and a full illustration of this important truth. For, it haj» 
displayed before us a universe boundless m its extent, diversified as 
Ki Its objects, and infinite as to their number and variety. Even 
within the limits of human vision the number of worlds which exist 
cannot be reckoned less than three thousand mUlionsj and those 
which are nearest to us, and subject to our particular examination, 
present varieties of different kinds, both as to magnitude, motion, 
splendour, colour and diversity of surface — evidently indicating, 
tnat every world has its peculiar scenes of beauty and grandeur. 
But, as no one will be so presumptuous as to assert, that the bound- 
aries of the universe terminate at the limits of human vision, there 
may be an assemblage of creation beyond all that is visible to us, 
which as far exceeds the visible system as the vast ocean exceeds 
m magnitude a single drop of water ; and this view is nothing more 
tlian compatible with the idea of a Being whose creating energie:< 
are infinite, and whose presence fills immensity. Here, then, we 
have presented to our contemplation a boundless scene, correspond- 
ing in variety, and extent of space, to the ages of an endless dura 
cion ; so that we can conceive an immortal mind expatiating amid?* 
objects of benignity, sublimity and grandeur, ever varied and evei 
new, throughout an eternal round of existence, without ever arr* 
ving at a point, where it might be said, " Hitherto shalt thou comh 
but no farther." And we have reason to conclude thar such wif 
fH? the privilege and enjoyment of all holy beings. JPor we are in- 
(ovmed on the authority of inspiration, that " in God^s presena 
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there ts fidnesi gf joy^ and at kis ngU hand an p^easuret for «my 
aiorey 

7. The science of astronomy is a study which will be prosecuierf 
without intermission in the eternal world. This may wb inl'erreil 
from what has been already stated. For, it is chiefly among t.he 
numerous worlds dispersed throughout ihe universe that God is 
seen, his perfections manifested, and the plans of his moral govern- 
ment displayed before the eyes of unnumbeied intelligences. The 
heavens constitute by far the grandest and most extensive portion 
of .the empire of Omnipotence ; and if it shall be one part of thtf 
happiness of immortal spirits to behold and investigate the beauty, 
grandeur and benelictnce displayed throughout this empire, we 
may rest assured, that they will be perpetually employed in such 
exercises ; since the objects of their investigation are boundless as 
immensity ; — or, in other words, astronomy, among other branches 
of celestial science, will be their unceasing study and pursuit As 
ii has for its object, to investigate the motions, relations, phenomena, 
scenery, and the ultimate destination of the great bodies of the uni- 
verse, the subject can never be exhausted. Whatever may be said 
in regard to the absolute perfection of other sciences, astronomy can 
never be sp.id, at any future period of duration, to have arrived at 
perfection, in so far as it is a subject of study to finUe minds ; and, at 
this moment, even in the view of the Infinite Mind that created t}it» 
universe, its objects may not yet be completed. For we have rea.srin 
to believe that the work of creation is still going forward, and, con- 
sequently, that new worlds and systems may be continually emerg- 
ing from noihing under the energies of Creating Power. However 
capacious, therefore, the intellects of good men, in a future world, 
may be, they will never be able fully to explore the extent and va- 
riety, " the riches and glory" of Him " wno dwells in light unap- 
proachable ;" — yea, the most exalted of created intelligences, where- 
ever existing, although their mental powers and activities were 
incomparably superior to those of man, will be inadequate to a full 
investigation ana com])rehension of the grandeur and sublimities of 
that kingdom which extends throughout the regions of immensity. 
And this circumstance will constitute one ingredient of their hap- 
piness, and a security for its permanency. For, at every period 
of infinite duration, they will oe enabled to look forward to a suc- 
cession of scenes, objects and enjoyments different from all they 
had previously contemplated or experienced, without any prospect 
of a termination. We may therefore conclude^ that, unless the 
material universe be demolished, and the activities of immortp.1 
minds suspended, the objects of astronomy will continue throughout 
eternity to be the subject of study, and of*^ unceasing contemplation. 

Such are some of the advantages attending the study of the sci- 
ence of astronomy. It lies at the foundation of our geographica. 
knowledge — it serves as a handmaid and director to the traveller 
and navigator — it is subservient to the purposes of universal com- 
merce — it determines the seasons, and directs the operations of the 
husbandman — it supplies us with an equable standard of time, and 
settles the events of nistory — it lends its aid to the propagation of \^ 
ligiou, and undermines the foundation of superstition and astrolo^. 
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AlxYve all, n illustrates the glory of the perfecdons of the Delty- 
displavs the extent and grandeur of his universal empire — ^aflfords 
subjects of sublime contemplation enlarges the conceptions, and in- 
vigorates the mental powers — counteracts the influence of pride, 
and promotes the exercise of humility — ^]A'epares the soul for the 
emplo3rm^ts of the future world — ana demonstrates, that the Cre- 
ator has it in his power to open up endlessly diversified sources of 
happiness to every order of nis intelligent offspring, throughout ail 
the revolutions of eternity. The moral advantages arising from the 
study of this science, however, cannot be appreciated or enjoyed, 
unless such studies and investigations be prosecuted in connexion 
with the facts and prmciples of Kevelation. But, when associated 
with the study of the Scriptures, and the character of God therein 
delineated, and the practice of Christian preciepts, they are calcula- 
ted " to make the man of God perfect," to enlarge his conceptions 
of Divine perfection, and to expand his views of " the inheritance 
of the saints in light." 

Such being the advantages to be derived from the study of this 
ftcience, it ought to form a subject of attention in every seminary 
intended for the mental and moral improvement of mankind. In 
order to the improvement of the young in this science, and that ite 
objects may make a deep impression on their minds, they should be 
directed to make frequent observations, as opportunity offers, on 
the movements of the nocturnal heavens, and to ascertain all the 
facts which are obvious to the eye of an attentive spectator. And. 
while they mark the different constellations, the apparent diurnal 
motion of the celestial vault, the planets in their several courses, 
and the moon walking in her brigntness among the host of stars — 
they should be indulged with views of the rings of Saturn, the belts 
ana satellites of Jupiter, the phases of Mercury and Venus, the 
numerous groups or stars in the MUky Way^ the double and treble 
stars, the most remarkable Nebula^ the mountains and plains, the 
caverns and circular ridges of hills which diversify the surface of 
the moon, as they appear through ^ood achromatic or reflectmg 
telescopes. Without actual observation, and the exhibition of such 
interesting objects, the science of astronomy makes, comparatively, 
little impression on the mind. Our school books on astronomy 
should be popular in th^ir langn«.ge and illustrations, but, at the 
same time, they should b« eompreke'^sive in their details, and every 
exhibition should be clear and well defined. They should contain, 
not merely descriptions of facts, to be received on the authority or 
the author or the mstructer, but illustrations of the reasons or argu- 
ments on which the c(Hiclusions of astronomy are founded, and of 
the modes by which they have been ascertained. And, while pla- 
netariums, celestial gIol>es, and planispheres of the heavens are ex- 
oibited, care should oe taken to direct the observations of the pupils 
as frequently as possible, to the objects themselves, and to guard 
them against the limited and distorted notions which all kinds of 
artificial representations have a tendency to convey. 

There is still room for improvement in all the initiatory books 
on this .subject I have examined ; but such bocks are now rapidly 
Improving, both as »o iheir general plan, and the mteresling nature 
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of their details. I have seen nothing: superior in this ri»T>ect| or 
oetter adapted to the puri)ose of rational instruction, than Mr. Bur- 
retl-s excellent work entitled " The Geography of the Hea/ens," 
second edition, comprising 342 closely printed pages. It contains, 
in the fii*st place, a full and interesting description of all the con- 
stellations, and principal stars in the heavens, interspersed with a 
great variety of mythological, historical and philosophical infonna- 
don, calculated to amuse and instruct the general reader, and to 
arrest the attention of the young. The descriptions of the bodies 
Gonnecied with the solar system, are both oopular and scientific, 
containing a lucid exhioition of the facts wnich have been ascer- 
tained respecting them, and a rational explanation of the phenomena 
connected with their various aspects and motions. Tne Celestial 
Atlas which accompanies the work is varied, comprehensive, and 
judiciously constructed, and forms the most complete set of planis< 

Eheres, for the purpose of teaching, which has nitherto been pul>. 
shed. It consists of four maps nSoMt fourteen inches square, d»> 
.ineated on the same principles as geo^raphicar projections, exh^ 
citing the stars that pass near the meridian at a certain licnir^ along 
with the circumjacent constellations for every monili, aud Tor evcrv 
day of the year. Besides these there are two circumpolar maps oT 
the northern and souihern hemispheres of the heavens, and a pla- 
nisphere on the principle of Mercator's projection, which exhilnt3 
at one view the sphere of the heavens, and the relative positions of 
the different constellations and principal stars. With the assistance 
of these maps, which in a great measure supersede the use of a 
celestial globe, an intelligent teacher may, at certain intervals in 
tiie course of a year, render his pupils familiar with most of the 
visible stars in the heavens : and thev wiU make a deeper impres- 
sion on tneir minds wnen taugh« in tiiis wny, tran by. the use of a 
globe. This worK, on the whole, indicates great inuustry and re- 
search on the part of the author, and a familiar acquaintance with 
the various departments of the science of the heavens. He has de- 
rived his materials from the most valuable and modern works of 
science, and has introduced not a few illustrations and calculations 
of his own, which tend to enhance the general utility of the work. 
The moral and religious reflections which the objecis of ihls science 
naturally suggest, have not been overlooked, and, I trust, will have 
a tendency to raise the minds of the young to hat Almighty Being 
whose power, wisdom, and superintendinR •?• )•'! V^n^c a'-e so su> 
irngfr displayed throughout the regions oT Oi * s y^^va "iJ. 
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In cnterino^ upon this stud^ th^phenomena of the heayens^ 
AS tney appear m a clear evening, are the first objects thai 
demand our attention. Our first step is to learn the names 
and positions of the heavenly bodies, so that we can identify^ 
and distinguish them from each other. 

In this manner, they were observed and studied ages before 
books were written, and it was only after many, careful and 
repeated observations, that systems and theories of Astronomy 
were formed. To the visible heavens, then, the attention of 
the pupil should be first directed, for it is only when he shall 
have become in some measure, familiar witn them, that he 
will be able to locate his Astronomical knowledge, or fully 
comprehend the terms of the science. 

For the sake of convenient reference, the heavens were 
early divided into constellations, and particular names assign- 
ed to the constellations and to the stars which they contain. A 
constellation may be defined to be a cluster or group of stars 
embraced in the outline of some figure. These figures are in 
many cases, creations of tne imagination, but in others, the 
stars are in reality so arranged as to form figures which have 
some resemblance to the objects whose names have be^n as 
signed to them. 

These divisions of the celestial sphere, bear a striking analogy to the civil 
divisions of the globe. Tlie constellations answer to states and kingdoms, the 
most brilliant clusters to towns and cities, and the number of stars in each, tc 
their respective population. The pupil can trace the boundaries of any constc V 
latlon, and name all its stars, one by one, as readily as he can trace the huUDd»> 
ries of a state, or name the towns and cities from a map of New England. Is 
this sense, there may be truly said to be a Geography ofthe Heavens. 

The stars are considered as forming, with reference to theli 
magnitudes, six classes ; the brightest being called stars ol 
the first magnitude, the next brightest, stars of the second 
niagnitude, and so on to the sixth class, which consists of thd 
smallest stars visible to the naked eye. In order to be able 
■ ■ . 11 ■ ^ 

Xwhy, !n entering upon the study of Astronomy, should the attention ofthe pupU bt 
/lint directed to thv' visible heavens 7 Why' were the heavens early divided Into coi> 
I stellatlons, and nait'es assigned to the constellations and the stars? What is a oo» 
Ittellatlon} Do these figures really exist in the skiesi /n toAaf Mncc iiuiy <A«r« frwto 
1 te mM to be a Geography fnf the Heavens ? How many claises an the ttaxs consideni 
Vi fiMRniac with feftrence to their nui«kltude. 
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to designate, Tvsith precision their situations, imaginary circ!e9 
have been considered as drawn in the heavens, most of which 
correspond to and are in the same plane with similar circles 
supposed, for similar purposes, to be drawn on the surface oi 
the Earth. 

In order to facilitate the study of it, artificial representation)! 
of the heavens, similar to those of the surface of the £artli| 
have been made. Thus, a Celestial Atlas, composed of se* 
veral maps, accompanies this work. Before, however, pro- 
ceeding to explain its use^ it is necessary to make the pupil 
%cquainted with the imagmary circles alluded to above. 

Circles of the Sphere. — The Aans of the Earth is an 
imaginary line, passing through its centre, north and south, 
About which its diurnal revolution is performed. 

The Poles of the Earth are the extremities of its axis. 

The Aans of the Heavens is the axis of the Earth pro- 
duced both ways to the concave surface of the heavens. 

The Poles of the Heavens are the extremities of their axis. 

The Equator of the Earth is an unaginary great circle 

Sassing round the Earth, east and west^ everywhere equally 
istant from the poles, and dividing it into northern and 
southern hemispheres. 

The Equator of the Heavens^ or Equinoctial, is the great 
circle formed on the concave surface of the heavens, by pro- 
ducing the plane of the Earth's equator. 

A plane is that which has surface but not thickness. The plane of a circle is 
that imaginary superficies which is bounded by the circle. 

The Rational Horizon is an imaginary great circle, whose 
plane, passing through the centre of the Karth, divides the 
heavens into two hemispheres, of which the upper one is 
called the visible hemisphere, and the lower one, the invisi- 
ble hemisphere. It is tne plane of this circle which deter- 
mines the rising and setting of the heavenly bodies. 

The Sensible or Apparent Horizon, is the circle which 
terminates our view, where the Earth and sky appear to meet. 

To a person standing on a plain, this circle is but a few miles in diameter. V 
ihe eye be elevated five feet, the radius of the sensible horizon will be less than 
two miles and three quarters ; if the eye be elevated six fee% it will be just three 
nUea. The observer being always in the centre of the sensible horizon, it wiO 
maw aa he moves^ and enlarge or contract, as his station is ulevaied or depi ea» 



▼hat expedient has been devised fbr designating, with precision, the sltuAtionsef 
Qw heavenly bodiesi What Is the axis of the Ruth I What are the poles of the Earth} 
what is the axis of the heavens? What are the poles of She ite^vens 7 What is the 
wiuatoroftheEarth? What is the equator of the heavens or threquinoctia) 7 Whatla 
• pimne I What i» the pkms <^ » ctrOe 7 What Is the rational horizon 7 What is the 
•enttible or apparent horizon i What ia the diemeter of <fti* circle to a perMti 9taM- 
ingm a plain? What wiU Ue radiua be if the eye be elevated Jive feet j IfU bee^ 
mitideixfeetl On what does the pla4seqfU9 centre and ite circumference depend'* 
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The Poles of the Horizon are two points, of which ihe one 
tit directly ever head, and is called the Zenith ; the other is 
directly under foot, and is called the Nadir. 

Vertical Circles are circles drawn through the Zenith and 
Nadir oi* any place, cutting the horizon at right angles. 

The Prime Vertical is that which passes through the ea»i 
and west points of the horizon. 

The Ecliptic is the great circle which the Sun appears to 
describe annually among the stars. It crosses the Equinoo* 
liai, a little obliquely, in two opposite points which are called 
the Eauinoxee, Tne Sun rises in one of these points on the 
21st 01 March ; this point is called the Vernal Equinox. It 
sets in the opposite point on the 23d of September ; this point 
is called the ArUumnal Equinox. One hafr of the ecliptic lies 
on the north side of the Equinoctial, the other half on the 
south side, making an angle with it ot 23^°. This angle is 
called the obliquity of the Ecliptic, The axis of the Eclip- 
tic makes the same angle with the axis of the heavens ; so 
that the poles of each are 23^^' apart. 

This angle is perpetually decreasing. At the commencement of the Christian 
era, it was about ^ 45^ At the beginning of 183& it was only 23<' 27' 38 ", show. 
ing an annual diminution of about half a second, or45''.70 in a hunrlred years. 
A time will arrire, howeyer, wlien this angle, having reached its miniiuuin, will 
again increase in the same ratio that it had oefore diminished, and tlius it will 
continue to oscillate at long periods, between certain limits, which are said to do 
comprised within tlie space of 20^ 4Sf, 

The ecliptic, like every other circle, contains 360°, and it is 
divided into 12 equal arcs of 30<^ each, called signs, which the 
ancients distinguished by particular names. This division 
commences at the vernal equinox^ and is continued ^st- 
wardly round to the same point again, in the following oraer : 
Aries, Taurus^ Gemini, Cancer, Leo, Virgo, Libra, Scor- 
pio, Sagittarius, Capricomus, Aquarius, Pisces, The Sun, 
commencing at the first degree of Anes, about the 21st o( 
March, pas&es, at a mean rate, through one sign every month. 

The Zodiac is a zone or girdle, about 16 degrees in breadth, 
extending quite round the heavens, and including all the 
heavenly bodies within 8° on each side of the ecliptic. It in- 
cludes, also, the orbits of all the planets, except some of the 
asteroids, since they are never seen beyond 8<=> either north or 
south of che ecliptic. 

Parallels of Latitude are small circles imagined to be 

What are th« poles of the horizon} What are vertical circles } What fs the prime 
vertical ? What is the ecliptic 7 What anr the equinoxes ? The vernal cQUinox f The 
■utumnal equinox? How i» the eclijitlc situated with respect to the equinnctiid 7 Wh«it 
Is the obliquity of the ecliptic 7 Deticribe the manner in u>Mch this angle varies. 1^ 
jcribe the division of the ecliptic into signs. How much, at a mean rnte. d'les the 9m 
tdrnncc In the ecilytic every month? What is the zodiac I What are iKualleis o( 
«liUi<Jc7 
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dfawn on the Earth's surface, north and sonth of the equator 
and parallel to it. 

Parallels of Declination are small circles, imagined to be 
drawn c|n the concave surface of the heavens, north and south 
of the equinoctial, and parallel to it ; or they may be consid- 
ered as circles formed by producing the parallels of latitude 
to the heavens. 

The Tropic of Cancer is a small circle, which lies 23^° 
north of the eqmnoctial, and parallel to it. The Tropic oj 
Capricorn is a small circle, which lies 23^^ south of tin 
equinoctial, and parallel to it. On the celestial sphere, these 
two circles mark the limits of the Sun's farthest declination 
north and south. On the terrestial sphere, they divide the 
torrid^ from the two temperate zones. That point in the 
ecliptic which touches the tropic of Cancer, is called the Sum- 
mer Solstice ; and that point in the ecliptic which touches 
the tropic of Capricorn, is called the Winter Solstice, 

The distance of these two points from the equinoctial, is always equal to the 
•bliquity of the ecliptic, whicti, in round numbers, is 23e^; but as we have seen 
Ihe obliquity of the ecliptic is continually changing ; therefore the position of th* 
tropics must make a corrcsiwndent change. 

The Colures are two ^reat circles which pass through the 
poles of the heavens, dividing the ecliptic into four equal 
parts, and mark the seasons of the year. One of them passes 
through the equinoxes at Aries and Libra, and is thence 
called the Equinoctial Colure ; the other passes through the 
•olstitial points or the points of the Sun's greatest declination 
north and south, and is thence called the Solstitial Colure. 

The Bun is in the equinoctial points the 21st of March and the 23d of Septeni 
Wr. Ue is in tlie solstitial points the 2ld of June and the 22d of December. 

The Polar Circles are two small circles, each about b6^^ 
from the equator, being always at the same distance from the 
poles that the tropics are from the equator. The northern is 
called the Arctic circle, and the southern the Antarctic 
circle. 

Meridians are imaginary great circles drawn through the 
poles of the world, cutting the equator and the equinoctial at 
right angles. 

Erery place on the Earth, and every corresponding pomt in the heavens, It 
«Ni^eied as Imving a meridian paiising tlirougb it ; althoiigh astronomers appli 



What are parallels of declination I Whnt is the tropic of cancer? What Is the trmfa 
•f Capricorn 7 What is the summer solstice? What is the winter fiolstice? What it 
tfieir distance from the eqttafttr, comparttd toith the obliquity ^ the ecttptieJ U this 
iiBtttnee flhoatjt the mme? What are the colures J What is the equinoctial colure) 
What is the solstitial cohire? On what days of tl>e yenr Is the sun in the equlnucUiil 
|K)hit8? On what days, tn he In the solstitial points? What are the polar cir les> By 
what names, are they (1«-"«'lt>ir\ilshe.l? What are merlllans? How many n^idlane 
Mfe thb/« / Hwv nutnt/, dn tunronuuitn apply to the heAoent 7 
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am !K to the heaveiiB. tbns divi jins; the whole concave surface inu< 24 sections^ 
liach l&° in width. These meridians mark the space which the heavenly bodies 
appear to describe, every hour, for the 21 hours of the day. They are thenc* 
ioaietmies denominated Hour Circlea. 

In measuring distances and determining positions on the Earth, the equator, 
and some fixed meridian, as that of Greenwich, contain the primary startini 
points ; in the heavens, those points are in the ecliptic, the equuioctiai, and thai 
great meridian which passes through the first point of Aries, called the equinoc- 
tial colure. 

Latitvde on the Earthy is distance nortn or south of the 
tquator^ and is measured on a meridian. 

LcUiivde in the Heavens^ is distance north or south of the 
ecliptic J and at right angles with it 

Longitvde on the Earthy is distance either east or wesi 
from some fixed meridian, measured on the equator, 

Longitvde in the Heavens^fis distance east from the first 
point of Aries, measured on the ecliptic. 

Declination is the distance of a heavenly body either north 
or south of the equinoctial, measured on a meridian. 

Right Ascension is the distance of a heavenly body east 
from the first point of Aries, measured on the eqmnoctiaL 

It is more convenient to describe the situation of the heavenly bodies by theiz 
declination and right ascension, tlian by their latitude and longitude, smce tlM 
former corresitond to terrestrial latitude and longitude. " 

Latitude anci declination may extend 90° and no more. Terrestrial longitude 
may extend 180° either east or west ; but celestial longitude and right ascea* 
sion, being reckoned in only one direction, extend entirely round the circle, oi 
KO^. 

In consequence of the Earth's motion eastward m its orbit, 
the stars seem to have a motion westward, besides theii 
apparent diurnal motion ^caused by the Earth's revolution on 
its axis ; so that they rise and set sooner every succeeding 
day by about four minutes, than they did on the preceding. 
This is called their daily acceleration. It amounts to just 
two hours a month. 

EzAMPLB. — ^Those stars and constellations which do not rise until 10 o'clock 
this evening, will, at the same hour, one month hence, be 30° above the 
horizon ; and, for the same reason, those stars which we see directly over hew 
this evening, will at the same hour, three months hence, be seen setting in th« 
west; having in this time, performed one fourth of their apparent annual revo- 
tetion. 

The following table oX sidereal revtUufions^ shows the difTerence between nolai 
■ad sidereal time. The first column contains the numbers of complete revoitt* 
tkms of the stars, or of the Elarth's rotation on its axis ; the second exhii>it8 the 

buo how many HCtiont, do theee meridkuu divide the concave ewfltce efUuheavenet 
Ofwhai teidth are these gectione ? W?m are theee meridiane wmetimea called hour ett' 
etee 7 In meaauring diatances on the Earth, what circles contain the prknarv etofling 
•wAKta 7 Where are the«e points in fneaauring dintances in tfie heamene 7 What is la 
iltude on the Earth 7 What Is latitude in the heavens? What is longitude on tlte Barthf 
What Is loneltude in the heavens) What is declination? What Is rifrht asccnsionf 
fHnf is it more convenient to describe the situation qf the heavenly bodies by their d0> 
^UaSation and right ascension, than by their latitude and longitude 7 How many fl» 
fT$e» may latitude and declination extend 1 How many terrestrial longitude 7 H(/i0 
wmny celestial longitude 7 What ts meant by the dally acceleration of the stars ) TO 
•ow aoany luinutes does it amount? Illustrate this subiset with an exauwU. 

3* 
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limes In which these revolutions are niMle ; and the third, shows how tnnt% 
the Stars gain on the Sun evnry day— *!iat is, how much sooner they ris» ami 
CMne to the meridian every succeeding day, than Uicy did on the preceding 
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On this account, we have not always the same consteUa 
tions visible to us throughout the year. While some, tnal 
were not visible before, are successively rising to view in the 
iast, and ascending to the meridian, others sink beneath the 
western horizon, and are seen no more, until, having passed 
through the lower hemisphere, they again reappear in the east 

- It is easy to convert rii^ht ascension into time, or time into right ascension . 
for if a heavenl;^ body is one hour in passing over 15^, it will be one fifteenth o^ 
«n hour, or 4 minutes, in passing over 1°. 

If the first point of Axles be on the. meridian at 12 o'clock, the next hour lino, 
which Is 16^ £. of it, will come to the meridian at 1 o'clock ; the second houi 
\ae at 2 o'clock ; tlit^ third at S, &c. Of any two bodies whose ri^lu aHcensioni 
ire given, that one wdlpass the mcridian^rsf which has the least nght ascensioa 

The first map of the atlas represents, upon a large scale 
i general view of the solar systen^. 

This will be more fully described in the Second Part of the work. 



Do w« always see the samp constellations? EaaOain thetnanMr qfevnverting rlgU 
mcm u Um into timet and time Into right oicennon. 
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The next six maps represent different sections of the concave 
Kurface of the heavens. The first of these exhibits the principal 
sonsteilations visible to us in October, November and Decem- 
ber ; the second, those visible in January, February and March ; 
the third, those visible in April, May and June; and the 
fourth, those visible in July, August and September; with 
the exception, however, of the constellations which ]ie be- 
yond the 50th degree of north and south declination, of which, 
mdeed, those around the North Pole are always^ and those 
around the South Pole, never, visible to us. 

These constellations are represented on the sixth and seventh 
maps, called circumpolar maps, which are an exact continu- 
ation of the ethers, and if joined to them at their correspond- 
jag degrees of right ascension and declination, they mi^ht be 
considered as constituting one map. The scale on which all 
the above-mentioned maps are drawn is that of a 16 inch 
^lobe. The lines drawn on the maps have been already de- 
fined; and their use, being nearly the same with those in 
Greography, will be readily understood. Those which are 
drawn Irom right to left, on each side of the equinoctial and 
parallel to it, are called Parallels of Declinalion, Those 
which are drawn up and down through the maps, at intervals 
of 15°, are called Meridians of Right Ascension, or Hour 
Circles. The scale at the top and bottom of the first four 
maps, and in the circumference of the circumpolar maps, in- 
dicates the daily progress of the stars in right ascension, and 
shows on what da^ of the month any star will be on the me 
ridian at 9 o'clock in the evening. 

The constellation called the Great Bear is an exception to this rule ; in this 
«.nsteUatioa the principal stars are marlced in the order of their rigiit ascension. 

That point of projection for the maps which would extiibit each successive 

Cortion of the heavens directly over liead at 9 o'clocic in the evening, was-ciioscn, 
ecause in summer at an earuer hour the twilight would bedim our observation 
of the stars, and at other seasons of the year it is easier to loolc up to stars tltat 
want an hour ot their meridian altitude than to thc«e which are directly over 
head. 

It will be readily seen that the stars are so represented on the maps as to show 
their relative mat^itudes. The method invented by Bayer, of designating them 
by the letters of the Greek and Roman alphabets, is adopted. Thus in eacii con* 
Btellation the stars are marked atptia, beta, &c., and should the letters of the 
Greek alphabet be exhausted, those of the Roman are employed. Some of the 
ittars have also proper names. 

The first four maps of the heavens are so constructed that the 

For what months does the first map represent the heavens? For what months do(!s 
Uie second map represent the heavens) The third 7 The fourth? What constellations 
are represented on the sixth and seventh maps? In what manner mustthene six niiips 
oe arranged to form one complete map of the heavens? On what scale arc these mips 
Irawn? What is the use of the scale at the top and bottom of the first four ma^^is. !in<l 
in the circumference of the circumpolar maps ? lV?iy weu that point qf prcoeciwn fo* 
the mapst. which would represent each successive vortion cf the heavens directly over 
head at 9 o' clock in the evening, chosen 7 What is the method by which the stars art 
ieHsrnated on the maps 7 How must the pupil, in using either of the first four map* 
taaglne lUmself to stand and to hold lt9 
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pupil in using tliem must suppose tiimself to face the sotrtii, and 
'«> hold them directly over head in such manner that the top •/! 
the map shall be towards the north, and the bottom towards 
the south ; the right hand side of the map will then be west, 
and. the left hand east. In using the curcumpolar maps he 
must suppose himself to face the pole, and to hold them in 
such a manner that the day of the given month shall l>e up- 

Eermost. The Celestial Planisphere represents the whole 
eavens lying between 70 degrees of north and south decli- 
nation, not as the surface of a concave sphere, but of a con- 
cave cylinder, and spread out so as to form a plam surface. 
A great variety of interesting problems, includmg almost all 
those that are peculiar to the celestial globe, may be solved 
upon it with facility and readiness. 

We may now unagiue the pupil ready to begm the study 
of the visible Heavens. The first thing of importance is to 
fix upon the proper starting point. This, on many accounts, 
would seem to be the North Polar Star. Its position is ap- 
parently the same every hour of the nignt tnroughout the 
year, while the other stars are continually moving. Many of 
the stars also in that re^on of the skies never set, so uiat 
when the sky is clear, they may be seen at anv hour of the 
night. They revolve about the Pole in small circles, and 
never disappear below the horizon. On this account they are 
said to be within the circle of perpetual apparition. On the 
other hand, the identity of the North Polar Star, strange as 
it may appear, is not so easily determined, by those who are 
just entering upon this study, as that of some others. For 
this reason, the point directly over head, called the zenith, 
is preferable, since upon this point every one can fix with cer- 
tainty in whatever latitude he may be. It will be alike to all 
tne central point of the visible heavens, and to it the pupil 
will learn imperceptibly to refer the bearing, motion, and dis 
ances of the heavenly bodies. 

That meridional point In each nu^i^ whoM decUnation corresponds with 
the latitude of the place of olMervaUon, represents the zenith of the lieavena 
at that place ; and those constellations of stars which occupy this position 
on the mapa, will be seen directly over head at 9 o'clock in the evening of the 
day through which the meridian passes.— Thus in Oeorcia, for instance, the' 
starting point should be those stars which are situated in this meridian near the 
S3d degree ot north declination, while m New England It should be those which 
■re niuated in it near the 42d degree. 



Bow, In using the cirrampolar maps? Describe the construction and use of the Ce 
lestM Planisphere. When the pupil is ready to begin the study of the visible Iteav 
ens, what is the first step to be talcen ? What advantaf»s has the North Polar Star, as 
t proper starting point) What dlsatlvanta^s I What point is prefenible to the Polar 
Sfiur? Why is it pre Arable 7 Hmo may the point corretpondlngtctMa be Jbund upon 
dhs fnop* i At wm time in the eoenmg, utULthe etart wMeh are near thte point on 
fto fn«p», he teen directly over head ? Is it indispensably necessary to begin with the 
-^ near this central nreridlani 



FBCUUINARY CBAFTGR* 33 

We mightj noiyever, be^in with the stars nsar eithe • ot the 
meridians represented on the maps, the only rule of selection 
being to commence at that which approaches nearest to heing 
over head at the time required. 

We have chosen for our starting point in this work, thai 
meridian which passes through the vernal equinox at the first 
point of Aries, not only, because it is the meridian from which 
the distances of all the heavenly bodies are measured ; bat 
especially because the student will thus be enabled to observe 
and compare the progressive motion of the constellations ac- 
cording to the order in which they are always arra^iged in 
catalogues, and also to mark the constellations of th(> Zodiac 
oassing over head as they rise one after another in their or- 
der, and to trace among them the orbits of the Earth and of 
the other planets. 

As Greek letters so frequently occur !n catalogiies and maps of the stars and 
Ki tlie celestial globes, the Greek alphabet is here introduced for the use of those 
who are unacuuainted witli it The capitals are selduui u^ed for design Uing li\a 
■tars, but are here given for the sake of regularity. 

THE GREEK ALPHABET. 
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H» if, 

In 1603, John Dayer, of Augsburg, m Germany, published a com|>l<'te Atlav of 
in the constellations, with the useful invention of denoting the stars In cvcrj^ 

What Is the onlr rule of selection? What is the starting point chosen for this wi.rk 
Or'nai advanuvges has this meri lian as a starting! point 1 






Alpha 


a 


Beta 


b 


Gamma 


§ 


Delta 


Epsilon 


e short 


Zeta 


z 


Eta 


e long 


Theta 


th 


Iota ' 


• 

1 


Kappa 


k 


Lambda 




Mu 


m 


Nu 


n 


Xi 


X 


Omicron 


short 


Pi 


P 


Rho 


1 


Si^ma 


3 


Tau 


t 


Upsilon 
Phi 


U 


ph 


Chi 


ch 


Psi 


ps 


Omega 


o long 



u 



PllEU*n¥»JKT CBAPTES. 



constellatfon by Uie iMttera of th€ tKt t\ waA Roman .Uf habet« : a.«R{irninfr t) t 
Greek letter a to the principal stai .t t« ax\\ constePatcOO, ^ to Hit second in 
rnagnltude, y to the third, and ao oa; ivit vhen the Oieck alphabet waa ex- 
liaustcd, tlie notation was carried on «uh d\o RonifVi le^tcrj, a, 6, c, dx. Tliat 
the iu<%nionr might not be perplexed witUa iialtitude of nwnes, this cci)re:*i.vt' 
method of aesignating the atara has been f(.\.|lsd by iJi aucceedintr &3truLv>:Q.n'«, 
who have farther emarfed it by the Arable Ai'i'tKvy 1, /^ 3, &c wheii3v.'»i t^ 
ctarfi in the conatellatioiis outnumbered both alphiibeta. 



INCREASE OF SIDEREAL TIME IN BIEA^ SOLAR IIOI^Rti^ dx. 
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CHAPTER I. 

ERECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARK OX 

THE MERIDIAN IN NOVEMBER. 

ANDROMlBDA. 

If we look directly over head at 10 o'clock, on the 10th o 
November, we shall see the constellation celebrated in fable, 
by the name of Andromeda. It is represented on the map by 
the figure of a woman having her arms extended, and chained 
by her wrists to a rock. It is bounded N. by Uassiopeia, E. 
by P^r^eus and the head of Me;dula, and S. by the Triangles 
and the Northern Fish. It is situated between 20^ and 50® 
of N. declination. Its mean risht ascension is nearly 15^; 
or one hour E. of the equinoctial colore. 

It consists of 66 visible stars, of which three are of the 2d 
magnitude, and two of the 3d ; most of the rest are small. 

The stars directly in the zenith, are too small to be seen in 
the presence of the moon, but the bright star Almaack, of the 
2d magnitude, in the left foot, may be seen 13<^ due E., and 
Mefach, of the same magnitude, in the girdle, 7^ south of the 
zenith. This star is then nearly on the meridian, and with 
two others N. W. of it forms the girdle. 

The three stars forming the g&dle are' of the 2d, 3d, and 
4th magnitude, situated in a row, 3^ and 4^ apart, and an 
called Merach, Mu and Nu. 

About 2^ from Nu at the northwestern extremity of the 
girdlft, is a remarkable nebula of verv minute stars, and the 
only one of the kind which is ever vismle to the naked eye. It 
resembles two cones of light, joined at tlieir base, aboat |o in 
length, and ^o in breadth. 

£we look dinctly over bead at lo o'clock on tho iMh of November, tntt constelk^ 
eball weseeflHowls it rppresented on themumowls Itboundedrwhat un§m 
flfatafloension and declination) How manj TtanNltUB baa Itt Describe the gMb 



if Andmnieda. Deicrlbe the ippeannrt «C i MOHtluMi Mbala which lies 
•wtliwvtteni extteoEiHjr. 
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If a straig t line, connecting AUnaackr^with Meracli, b« 
f)ro(luced southwesterly, 8^ farther, it will reach to Delta, a 
star of the 3d magnitude in the left breast. This star may 
be otherwise known by its forming a line, N. and S. with 
two smaller ones on either side of it ; or, by its constituting, 
with two others, a very small triangle, S. of it. 

Nearly in a line with Aimaack, Merach and Delia, out 
curving a little to the N. 7^ farther) is a lone star of the 2d 
magnitude, in the head, called Alfhe^^tz. This is the N. E. 
corner of the great " Square of P^g^sus," to be hereafter de- 
scribed. 

It will be well to have the position of Alpheratz well fixed in the wind, bccaiun 
II is but one minute west ofthe great equinoctial colure, or first meridian of th« 
ticaveus, and tonus nearly a right line with Algenib in the wing of Pegasus. 14^ 
S. of it, and with Beta in Cassiopeia, 30^ N. of iu If a line, connecting these three 
stars, be produced, it will terminate in the pole. These three guides, in connex 
iun with the North Polar Star point out to astronomers the position of that great 
circle in the heavens from which Uie right ascension of all the heavenly bodies 
id measured. " 

History— The story of Andromeda, firom which this constellation derives its 
uaiue, is as follows : She was daughter of Cepheus, king of Ethiopia, by Cassia* 
peia. Site was promised in marriage to Pninens, her uncle, when rfeptuna 
drowned the kingdom, and sent a sea monster to i^avage the country, to ap()ease 
tiie resentment which his favourite Nymphs bore against Cassiopeia, because 
she had boasted herself fairer tl\an Juno and the Nereides. The oracle of Ji>- ' 
uiler Aiiuiion w^ consulted, and nothing could pacify the anger of Neptune 
unless tiie beautiful Andromeda should be exposed to the sea monster. She was 
iiccordiugly cliatncd to a rock for this purpose, near Joppa, (now Jaffa, in Syria,)' 
!uid at the moment the monster was going to devour her, Perseus, wlio was then 
letumiug thruugii the air from the conquest of the Gorgons, saw her and was 
captivated by her beauty. 

"Chained to a rock she stood ; young Perseus stay'd 
His rapid (light, to woo the beauteous maid." 

He promised to deliver her and destroy the monster if Cepheus would gif • 
her to him in marriage. Cepheus cousenteii, atid Perseus instantly changed the 
sea monster into a rock, by showing him Medusa's liead, which was stiU reeking 
in his hand. The enraged Phineus opposed their nuptials and a violent battle 
ensued, in whicli he, aLM), was turned into a stone by the petrifying influence oi 
tiie Gorgon's head. ^^ 

Tlie morals, maxims, and historical events of the ancients, were usually coo 
municated m fable or allegory. The fabltrof Andromeda and the sea monster, 
might mean that she was courted by some monster of a sea-captain, who a& 
tempted to carry her away, but was prevented by anotlier more gallant and sue* 
ceasful rival 



PIECES. 

The Fishes. — This constellation Is now the first in order^ 
of the 12 constellations of the Zodiac, and is usually repre- 
sented by two fishes tied a considerable distance apart, at the 
extremities of a long undulating cord, or riband. It occupies 

Describe tto magnitude and position of Delta. How may this star be otherwise 
(uownf )eief!be the position and magnitude of Alpheiatz. What position does this 
«SY occ«i> / in the great square of Pegasus? IVTiy it it important to haw the fCtUitn 
%: iM^ ^tior toeU Jised in the mind 7 V^hat Is the present older of the Pishes amenf 
St^iwr lations of the 2kxUac f^ow Is It lepiesented t Describe iu outline and soim 
J te -< ens. 
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• larsre triangular space in the heavens, and its outline at first 
IS somewhat difficult to be traced. 

In consequence of the annual precession of the stars, rhe eowttdUUton PiacM 
nas now come to occupy the ngn Aries ; each constellation havins advanced 
dne whole sign in the order of the Zodiac. The siui enters the sign Piseo^ 
while the earth enters that of Vlrso, about the I9th of February, but he does not 
reach the eonatellation Pisced before the 6th of March. The Fishes, thereibret 
ire now called the " Leaders of the Celestial Hosts." — See Ariet. 

That loose assemblage of small stars directly south of 
Merach, in the constellation of Andromeda, constitutes the 
Northern Fish, whose mean length is about 16°, and breadth, 
7°. Its mean ri^ht ascension is 15°, and its declination 25^ 
N. Consequently, it is on the meridian the 24th of Novem- 
ber ; and, from its breadth, is more than a week in passing 
oyer it. The Northern Fish and its riband, beginning at 
Merach, may, by a train of small stars, be traced, in a S, S. 
easterly direction, for a distance of 33°, until we come to the 
star El Ri^cha, of the 3d magnitude^ which is situated in the 
node, OT flexure of the riband. This is the principal star in 
the constellation, and is situated 2° N. of the equinoctial, and, 
53 minutes east of the meridian. 

Seven degrees S. S. of El Rischa, passing by three or four very sra4R ttfxn 
we come to Mira, in the Whale, a star of about the 3d magnitude, and Known as 
the " Wonderful t5tar of 1596." El Rischa may be otherwise identified by means 
of a remaricable cluster of five stars in the form of tipentagon^ about 15^ E. of 
•1. — 5lBe Cetua. 

From El Rischa the riband or cord makes a sudden flexure, 
doubling back across the ecliptic, where we meet with three 
stars of the 4th and 5th magnitude situated in a row 3° and 
4° apart, marked on the map Zeta, Epsilon, Delta. From 
Delta the riband runs north and westerly along the Zodiac, 
and terminates at Beta, a star of the 4th magnitude, 11° S. 
of Mark^b in P^a^us. 

This pqxt of the riband including the Western Fish at the 
eud of it, fias a mean declination of 5° N., and may be seen 
throughout the month of November, passing the meridian 
slowly to the W., near where the sun passes it on the 1st ol 
April. Twelve degrees W. of this Fish, there are 4 small 
stars situated in the form of the 'letter Y. The two Fishes, 
and the cord between them, make two sides of a large 
triangle, 30° and 40° in length, the open part of yrhich is 
towards the N. W. When the Nortnem Fish is on the 

What are the size and position of the Northern Ftsh 7 When, and how lone Is it on the 
neridlanT How may It be traced? What is the princhial star in this constellation, and 
where is it situated 7 How far, and in what direction mm Alpha, Is Mlra, in the Whale y 
By what peculiar t^pellation is this star known? What Is the direction of the riband Atom 
Alpha? what stars do we meet with, where th ; riband doubles back across the eeUp- 
ttcl What fs the direction of this part of the rlL.ind from Delta, and where does it ter- 
minate ? What are its mean declination, and the time of its passing the meridian? What 
striking cluster is seen about 19^ W. of the Wostem Fish? What ^eometrioal flfpin 
nor be coooeived to be formed by the two Pishes and the coTd between th»mf When 
toflM Western Fish when the Jforthem is on the mcrlUian 7 
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meridian, the Western is nearly 2 hours past it. This cu< 
stellation is bounded N. by Andromeda, W. by Andromeu 
and Pegasus, S. by the Cascade, and £. by the Whale, tl « 
Ram and the Triangles. 

When, to enable the pupil to find any star, its direction from another is givei , 
the latter is always understood to be on the meridian. 

After a little experience with the maps, even though unaccompanied iy ^ 
rections, the mgenious youth will be able, of himself, to devise a great many ex- 
pedients and figtciliuea for tracing the constellations, or selecting out particuli 
Btars. 

HisTOKT.— The ancient Greeks, who have some fable to account for the 01"* 

S'n of almost every constellation, say. that as Venus and her son Cupid were on« 
ly on the banlcs of the Euphrates, they were greatly alarmed at the appearanc« 
of a terrible giant, named Typhon. Throwing themselves into the river, thej- 
were changed into fishes, and bv this means escaped danger. To commemoratt 
Uiis event, Minerva placed two nshes among the stars. 

According to Ovid, Homer, and Virgil, this Typhon was a femous giant. Ht 
had a hundred heads, like those of a sernont or dragon. Flames of devourinj 
fire darted from his mouth and eyes. He vras no crooner bom, than he mam 
war against heaven, and so frightened the gods, that they fled and assumed dif 
ferent shapes. Jupiter became a ram ; Mercury, an ibis ; Apollo, a crow ; Juno^ 
a cow ; Bacchus, a goal ; Diana, a cat ; Venus, a fish, Sec. The father of the 
gods, at least, put Tjrphon to fii^nt, and crushed him under Mount ^tna. 

The oljvious sentiment implied in the fable of this hideous monster, is evi- 
dently this : that there is in the world a description of men whose mouth is sc 
"full of cursing and bitterness," derision and violence, that modest virtue is 
sometimes forced to disguise itself, or flee from their presence. 

In the Hebrew Zodiac, Pisces is allotted to the escutcheon of Simeon. 

No sign appears to have been considered of more malignant intiucnce than 
Pisces. The astrological calendar describes the emblems of this constellation 
as indicative of violence and death. Both the Syrians and Egyptians abstained 
from eating fish, out of dread and abhorrence : and when the latter would re- 
present any thing as odious, or express hatred oy hieroglyphics, they painted a 

In using a circumpolar map, fiice the pole, and hold it up in your hands In 
such a manner that the part which contains the name of the ^iven month shall 
be uppermost, and you will have a portraiture of the heavens as seen at that 
time. 

The constellations about the Antarctic Pole are not visible in the Unitad 
States ; those about the Arctic or northern pole, are always visible. 



CASSIOPfiiA. 

Cassiopeia is represented on the celestial map, in re^ 
state seated on a throne or chair, holding in her left hand the 
branch of a palm tree. Her h^ead and body are seen in the 
Milky Way. Her foot rests upon the Arctic Circle, upon 
whicn her chair is placed. She is surrounded by the chiei 
personages of her royal family. OThe king, her Husband, is 
on her right hand — Perseus^ her son-in-law, on her left — and 
Andromeda, her daughter, just above her. ' 

This constellation is situated 26^ N. of Andromeda, and 
midway between it and the North Polar Star. It may be 

Sfria* wr? Ute bo^a^an :« of this constellation iNlow is the constellation Carj'lopelk 
Miijik-^dt. >3 uv a» ^y whom is she surrcundetl 7 How Is this constelliUiun 
Hiktutii « yfi- i^.^4 't vscuetla ami the ix>lar. star) 
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seen, from our latitude, at all hours of the night, and may be 
(niccd out at almost any season of the year. Its mean decli- 
nation is 60^ N. and its right ascension 12^. It is on our 
meridian the 22d of November, but does not sensibly change 
its position for several days; for it should be remembered 
that the apparent motion of the stars becomes slower and 
slower, as they approximate the poles. 

Cassiopeia is a beautiful constellation^ containing 55 stars 
that are visible to the naked eye ; of which five are of the 3d 
magnitude, and so situated as to form, with one or two 
smaller ones, the figure of an inverted chair. 

"Wide her stars 



Dispersed, nor shine with mutual aid improved ; 
Nor dazzle. biSMiant with contiguous flame : 
Their number filly -five." 

Caph, in the garland of the chair, i^. almost exactly in the 
equinoctial colure, 30° N. of Alpheratz, with which, and the 
Polar Star, it forms a straight line. [<Sec note to Androme- 
tlaJ] Caph is therefore on the meridian the 10th of Novem- 
ber, and one hour past it on the 24th. It is the westernmost 
star of the bright cluster. Shedir*, in the breast, is the up-* 
permost. star of the five bright ones, and is 6° S. E. of Caph : 
the other three bright ones, forming the chair, are easily dis- 
'tin^ished, as they meet the eye at the first glance. 

There is an importance attached to the position of Caph 
that concerns the mariner and the surveyor. It is used, in 
connexion with observations on the Polar Star, for determi- 
ning the latitude of places, and for discovering the magnetic 
variation of the needle. 

It is (generally supposed that the North Pobr Star, so called, is the real immove 
able pole of the heavens ; but this is a inistalce. It is «o near the true pole that 
it has obtained the appellation ot'the North Polar Star; but it is, in reality, more 
than a decree and a ha{f distant from it. and revolves about the true i)ole every 
24 hours, m a circle whose radius is 1^ 7&\ It will consequently, in 24 hours, be 
twice on the meridian, once «u&ove, and once 6e/oto the pole: and twice at its 
greatest elongation E. and W. [Set North Polar Star.\ 

The Polar Star not being exactly in the N. pole of the 
heavens, but one degree and 35 minutes on that side of it 
which is towards Caph, the position of the latter becomes 
important as it always shows on which side of the true pole 
the polar star is. . 

Tnere is another important fact in relation to the position 

* Shedir, from El Seder, the Seder tree : a name given to this constellation by 
IJlugh Beigh. 

When may it be seen (torn this latitude 1 When (s It on our meridian 7 How is the 
■xitioti of the stars a<fecte«l as they approach the poles 7 How many priKCipal stars In 
tnis ronstellution, anil what is their appearance? Describe tbc situution of Cnpti. 
When is Caph on the njerMlan? Wliat & the relative posltioo of S!wdir7%ftVhy iu the 
fwsitlon of Caph lojportautf 
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of thi5 Star. It is equidistant from the pole, and exactly o/>- 
posite another remarkable star in the square of the Ureat 
Bear, on the other side of the pole. J[See Megrez,"] It also 
serves to mark a spot in the starry heavens, rendered memo- 
rable as being the place of a lost star. Two hundred and fifty 
years ago, a bright star shone 5° N. N. £. of Caph wher« 
BOW is a dark void ! 

On the 8th of November, 1572, Tycho Brahe and Corne- 
lius Gemma saw a star in the constellation of Cassiopeia, 
which became, all at once, so brilliant, that it surpassed the 
splendour of the brightest planets, and might be seen even at 
noonday ! Gradually, this great brilliancy diminished, until 
the 15th of March, 1573, when, without moving from its place, 
it became utterly extinct. 

Its colour, during this time, exhibited all the phenomena 
of a prodigious flame — flrst it was of a dazzling white, then 
of a reddish yellow, and lastly of an ashy paleness, in which 
its li^ht expired. It is impossible, says Mrs. Somerville, to 
imagine any thing more tremendous than a conflagration that 
could be visible at such a distance. It was seen for sixteen 
months. 

Some astronomers imagined that it would reappear again 
after 150 yeirs; but it has never been discovered since.' 
This phenomenon alarmed all the astronomers of the age, 
who beheld it ; and many of them wrote dissertations con 
ceming it. 

'Rev. Professor Yince, one of the most learned and pious 
astronomers of the age, has this remark: — "The disappear- 
ance of some stars may be the destruction of that system at 
the time appointed by the Deity for the probation of its in- 
habitants ; and the appearance of new stars may be the for 
mation of new systems for new races of beings then called 
into existence to adore the works- of their Creator." 

Thus, we may conceive the Deity to have been employed from all eternity, 
and thus he may continue to be employed for endless ages ; forming new sys- 
tems of beings to adore him ; and transplanting beings already formed into hap* 
pier regions, who will continqe to rise higher and higher in their enjo^ment^ 
and go on to contemplate sysmn after system through the bonndiess universe. 

La Placb says : — '* As to those stars which suddenly shine forth witli a very 
▼ivid light, and then immediately disappear, it is extremely probable that great 
conflagrations, produced by extraordinary causes, take place on their surface. 
This conjecture, continues he, is confirmed by tlieir change of colour, which is 
' analogous to Uiat presented to ns on tlie earth by those bodies which are set on 
Are and then gradually extinguished." 

Tlie late eimnenc Dr. Good also observes that— WorId.s and systems of worlds 



'^hat memonble spot does Caph serve to mark nut? Doscrite the phenomenon of 
tiM lost star. What does Mrs. Somerville sny of it ? llov long xva» it seen? Has any 
Milng been dtsoovexed of it Bince? How (ti<I this phenoinenon affect the astroiiomen 
•f the Hgot What does Vlnce say of Uw (iisappeumnre of Roree ffisxTH. nrd the ne» op 

|4>f others} RepMt the obnervatinnH ofDr Good upon tilt aukiea qf nao «»••« 

atUidintppMritur. 



k 
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«r4» HOI 011I7 perpetuallj creating, but also perpetuaflj disappearing . It Is an 
tx:raorilin*ry fact, that within the period of the last century, not less than ttui 
eea stars, in different constellations, seem to have totally perished, and ten new 
•lies to have i>eea created. In many instances it is unquestionable, that the stars 
themselves, the supposed habitation of other kinds or orders of intelligent b«- 
ingb, together with the different planets by which it is probable thev were sur* 
.rounded, have utterly vanished, and the spots which they occupied in t^ e he«p 
c«ns, liave become blanks ! What has befallen other systems, will assuredly 
befall our own. Of the time and the manner we know nothing, but tiie (act m 
incontrovertible; it is foretold by revelation; it is inscribed in the heavens; it 
is felt through the earth. Such is the awfql and daily text ; what then ought to 
be the comment 1 

The great and good Beza, falling in with the superstition of his ase, attempted 
to prove that this was a comet, or the same luminous appearance which conduct* 
ed the magi, or wise men of the East, into Palestine, at the birth of our Saviour 
and that it now appeared to announce his second coming ! 

About 6° N. W. of Caph, the telescope reveals to us a 
grand nebula of small stars, apparently compressed into one 
. mass, or single blaze of light, with a great number of loose 
stars surrounding it 

HiSTORT. — Cassiopeia was wife of C^heus, king of Ethiopia, and mother of Am 
dromeda. She was a aueen of matchless beauty, and seemed to be sensible of it ; 
for she even boasted herself fairer than Juno, the sister of Jupiter, or the Nerei- 
des—a name given to the sea nymphs. This so provoked the ladies of the sea that 
they complained to Neptune of the inbult, who sent a frightful monster to ravage 
her coast, as a punishment for her insolence. But the anger of Neptune and the 
jealousy of the nvrnphs were not thus appeased. They demanded, and it was 
finally ordained that Cassiopeia should chain her da^hter Andromeda, whom 
she tenderly loved, to a desert rock on the beach, and'wttve her exposed to the 
ftinr of this monster. She was thus left, and the minster, approached ; but juaC 
as he was going to devour her, Perseus kiUed him. 

''The saviour youth the royal pair confess. 
And with heav'd hands, their daughter's bridegroom bless.'* 

Euaderi'a Ovid, 



CEPHfeUS 

C^PHEUS is represented on the map as a king, in his royal 
robe, with a sceptre in his left hand, and a crown of stars unoa 
his head. He staj^ds in a commanding posture, with his left 
foot over the pole, and his sceptre extended towards Cassio- 
peia, ab if for favour and defence of the queen. 

— "Cepheus illumes 



The neighbouring heavens ; still faithful to his queen, 
With thirty-five faint luminaries uiark'd." 

This constellation is about 25° N. W. of Cassiopeia, near 
the 2d coil of Draco, and is on the meridian at 8 o'clock the 
3d of November; but it will linger near it for many days. 
Like Cassiopeia, it may be seen at all hours of the nignt, 
when the sky is clear, for to us it never sets. 

By reference to the lines on the map, which all meet in the pole, it will be evi- 
dent that a star, near the pole, moves over a mu€h leas space in one hour, ihaa 

There is a remarkable nebula In this constellation ; describe its ^Mu9tion and ap- 
pennmce. How is Cepheus represented? What is his posture! 'WS^'<% « tUr mo 
Stellation situated} 

4* 
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•He Rt the equinoctial ; end i^eneraUy, the nenrer the polet the iwrrMeer the 
afvace, and (he sloteer the uiotiun. 

The etars ttiat are so near the pitle niay be better deseribed by Hitivr polar 
distance^ than by their (teciination. By poUur distance, ie iueuilr-4he tKattmm 
tci}tn tiie pole ; and is wliat the declinaliou wants of 90^. 

In this constellation there are '35 stars irisihle to the naked 
eye ; of these, there glitters on the left shoulder, a star of th« 
3d magnitude, called Alderamin, which with two others of 
the same hrightness, 8^ and 12^ apart, form a slightly-curred 
line towards the N. £. The last, whose letter name is Gam- 
ma, is in the ri^ht knee^ 19° N. of Caph, in Cassiopeia. The 
middle one in me line, is Alphirk. in -the girdle. This star is 
one third of the distance from Alderamm to the pole, and 
nearly in the same right line. 

It cannot be too well understood that the bearings, or direction of one star from 
uiotlier, as given in this treatise, are strictly applicable only when the former 
one is on, or near the meridian. The bearinss |pven, in many cases, arc not the 
least approximations to what appears to be their relative position ; and in sotne, 
if relied upon, will lead to errours. For example : — It is said, in the precediuf 
paragraph, that Gamma, in Cepheus, bears 19° Pi. of Caph in Cassiopeia. This 
*8 true, when Capli is on tlie meridian, but at this very moment, while the author 
18 writing this line, Gamma appears to be 19° due west of Caph ; and six months 
hence, will appear to be the sanie.distance eaet of it. The reason is obvious ; 
the circle which Cepheus appears to describe about the )x>le. is within that of 
Cassiopeia, and consequently when on the east side of the pole, will be trt'Mtn, 
or bettceen Cassiopeia and the pole — that is, west of Cassiopeia. And for the 
same reason, ^len Cepheus is on the west side of the pole, it is between that 
and Cassiopeia, or ecu/ of it. 

Let it also be remembered, that m speaking of the p^^e^ which we sbaTl have 
frequent occasion to do, in the course of this woric, the North Polar Sfar^ or an 
imiu^inary point very near it, is always meant ; and not as some will vagiieiy ap- 
prehend, a point in the horizon^ directly N. of us. The tme pole of the heavens 
IS always elevated just as many degrees above our horizon, as wp are north of 
the Equator. If we Uve in 42^ N. latitude, the N. pole will be 429 above uur 
horisson. {See North P(Aar Star. ) 

There are also two smaller stars about 9^ E. of A]4ef^m 
and Alphirk, with which |4ey form a square; Alderamin 
being the upper, and Alphirk the lower one on the W. 8^ 
apart. In the centre of this square there is a bright dot, or 
semi-yisible star. 

The head of Cepheus is in the Milky-Way, and may b€ 
known by three stars of the 4th magnitude m the crown, 
which form a small acute triangle, about 9^ to the right of 
Alderamin. The mean polar distance of tHe constellation is 
25°. while that of Alderamin is 28° 10/. The riorht ascension 
of tne former is SSd^ ) consequently, it is 22o E. of the equi<* 
noctial colure. 

The student will understand that right ascenmon is reckoned on the eqninoe- 
tla], from the first point of Aries, E., quite round to the same pomt again, which 

How many, and what are the principal stars In it? Describe the last star m thi 
eorve. Describe the middle one. What fmir stars (bnn a square in this constellation f 
Where is the head of Cepheus, and how may It be known f What Is the mean polar 
iisianoe of this oonstellation? How fkr, and which way is it ftam the eqnioocila 
coinref 
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vt MK9. Now 336^, measured firom the same paint, irill reach the same poim 
Ufain, within 22^ ; which is the difference between XfP and 333^. This rulfe 
will Kfiiiy to any oth^ case 

UisTORT.— -This constellation immortalizes the name of the king of .Ethiopia. 
The name of his queen was Cassiopeia, lliey were the parents of Andromeda, wha 
was betrothed to Perseus. Cepbeus was one of the Argonauts who accompanied 
Jason on his perilous expedition in quest of the golden fleece. Newton supposes 
that it was owing to this circumstance that he was placed in the heavens ; aud 
that not only this, but idl the ancient constellations, relate to the Argonautic ex- 
pedition, or to persons some way connected with it Thus, he observes that as 
MusaeuSf one of the Ar^nauts, was the first Greek who maac a celestial sphere, 
he wouid naturally dehneate on it those figures which had some reference to 
the expeditiqc 
the ensign of 
nautic achievements. 
son ; the Titiru^ Castor snd Pollujc, two sailors, with their mother Ledet^ in th« 
form o^a Swan^ and Argo^ the ship itself; the watchful Dragon Hydra, with tlM 
Cup of Medea, and a raven upon its carcass, as an emblem of death ; also Chi- 
ron^ the Master of Jason, with his Altar^ and Sacrifice; Herculean the Argonaut, 
with his cluby his dart^ and vulture^ with the dragon^ crab and <ton which he slew ; 
and Orpheus, one of the company, with his harp. All these, says Newton, refer 
to the Argonauts. 

Again ; we have Orton. the son of Neptune, or, as some say. the grandson of 
Minos, with his dogt, ana hare, and river, ana ecorpion. We have the story of 
Ferseiis in the constellation of that name, as well as in Cassiopeia, Cepheus, An* 
dromeda and Cetus ; that of Cidisto and her son Areas, bi Vrsa Majur ; that of 
Icareus and his daughter Erigone, in Bootes and Virgo. Urea Minor relates to 
one of the nurses of Jupiter ; Auriga, to Erichjhonius ; Ophiuchus, to Phorbas ; 
Sagittarius, to Crolus, the son of one of the Muses ; Capricorn, to Pan, and 
Aquarius to Ganvmede. We have also Ariadne's eroum, Bellerophon's horse, 
Neptune's dolphin, Ganymede's eagle, Jupiter's goat with her kids, the asses oif 
Bacchus, the fishes of Venus and Cupid, with their parent, the southern fish. 
These, according to Deltoton, comprise the Grecian constellations mentioned by 
the poet Aratus ; and aU relate, as Newton supnoses, remotely or immediately, 
to the Arsonauts. 

It nia^r be remarked, however, that while none of these figures refer to any 
transactions of a later date than the Argonautic expedition, yet the great disa^ 
greement which appears in the mythological account of them, proves that their 
invention must have been of greater antiquity than that event, and that these 
constellations were received for some time among the Greeks, before their poets 
referred to them in describing the particulars of that memorable exhibition. 



CHAPTER II. 

DIRECTIONS FOR TRACINO THE CONSTELLATIONS IVHICH ARE ON 

THE MERIDIAN IN DECEMBER. 

aIiies. ^ 

Thb Ram. — Twenty-two centuries ago, as HippSirchus >d 
foniis us, this constellation occupied the Jirst sign m the 
ecliptic, commencing at the vemal eq[uinox. But as the con- 
stellations gain about oC on the equinox, at every revolution 
of the heavens, they have advanced in the ecliptic nearly 31® 

beyond it, or more tnan ^ whole sign : so that tne Fishes now 

I — - — " 

Viniat was the position of Aries \n the ecliptic set oeaturies ago) 
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urcupv the sai^e placo r> the Zodiac, that Aries did. in the 
lime of Hipparchus ; wb) e the constellcUion-Anes is now ii? 
the ^i^ Taurus, Tauras in Gremiui, and Gemini in Cancer, 
and so on. 

Aries is therefore no it the second constellation in fie 
Zodiac. It is situated next east of Pisces; and is midway 
between the Triangles and the Fly on the N. and the head 
of Cetus on the S. It contains 66 stars, of which, one is of 
the 2d, one of the 3d,. and two of the 4th magnitudes. 

• • ''First, from the eaflt, the Ram conducts the year ; * ' 
Whom Ptolemy with ticice nine stars adorns^ . 
Of which two only claim the second rank : 
The rest, when Q^thia fills the sign, are lost" 

It is readily distinguished by means of two bright stars in 
the head, about 4° apart, the brightest beins the most north- 
easterly of the two. ' The first, wnich is of the 2d magnitude, 
situated in the right horn, is called Alpha Arietis, or simply 
Arietis ; the other, which is of the 3d magnitude, lyin^ near 
the left horn, is called Shei^tan, and may be known by an- 
other star of the 4th magnitude, in the ear, 1^^ S. of it, called 
Mesarihimj which is the Jirst star in this constellation. 

Arietis andSheratan^ are one instance out of many, when* 
stars of more than ordmary brightness are seen together in 
vaira, as in the Twins, the Little Dog, &c., the brightest star 
being commonly on the east. 

^ The position of Arietis affords important facilities to nau- 
tical science. Difficult to comprehend as it may be, to the 
unlearned, the skilful navigator who should be lost upon an 
unknown sea, or in the midst of the Pacific ocean, could, by 
measuring the distance between Arietis and the Moon, which 
often passes near it, determjpe at once not* only the spot he 
was in, but his true course and distance to any known meri- 
dian or harbour on the earth. 

Lying along the moon's path, there are nine conspicuous 
stars that are used by nautical men for determining their Ion 
gitude at sea, thence called nautieal stars. 

These stars are Arifitis, A^iebaran, Potttup, ReguluSy 
Spica Virginia^ Arttarea, Afttnr, FomcUhaut, and Marhpb, 

The true places of thesA stars, for everv day in the year, are given in the Nau- 
tical Almanac, a valuabl^worlc published annually by the English "Board of Ad- 
iiiiFalty," to guide mariners in navigating the seas. They are usually published 
two or three years in advance, for the benefit of long voyages. 

That a man, says Sir John Herschel, by merely measuring the moon's appa> 
rent distance from a star, with a little portable instrument held in his hand, ami 



^What is its present position 1 How is it now situated with xespectto the surnmnd* 
Ing oonstellations? y* bat are the number and magnitude of its stars? How is this 
constellation readily distinguished? Describe the two bright stars in theJfeML Fot 
what purposes Is the position of some of the stars M Arietis important) Slow many 
Stars are used for determlRing longitude at sea,8|nd Wheve are they situated l^y what 
feiMn] name are they called 7 1 Enumerate them^ 
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applied to hia eye^ even with so unstable a footing an (he deck of a shin, «ital nv 
potiitivcly within five luilea, where he is, on a boundless nceun, cannot L* it appear 
i^ persons ignorant of physical astronoinVf an approach to the •iiiraciiluu.v Ami 
vpt, says he, the alternatives of life and deatli, wealth and ruin, ore daily a}\<^ 
iiuuriy stnkeiL with perfect confidence, on these marvellous computations. 

CapU Uaail Hall, of the royal navy, relates that he had sailed from Ban DIason 
tlie west coast of Mexico, and aOer a voyage of 8000 miles occupyinx ei){hty>nin« 
days, arrived off Rio Janeiro, having in this interval passed througn the PaciGe 
ocean, rounded Cape Horn, and crossed the South Atlantic without malcing any 
laiul or seeing a smgle sail on the voyage. Arrived witliin a few days' sail of 
Rio, he took a set of lunar observations, to ascertain l^i^ true position, and tb« 
liearing of the harliourf and tfhaped his course accordingly. '^ I hove to," savs 
lie. " at 4 in the mpming, tilf the d«r' should break, 'and then bore up; for 
although it w^ hazy, we could see before us a couple of miles or so. Aoout 8 
o'clock it became so fog^ y that 1 did not like to stand in farther, and was just 
bi'inging the ship to the wm<l again before sending the people to breakfast, when 
it suddenly cleared otT, and I had the satisfaction of seeing the great Sw^ar-loat 
rock, which stands on one side of the harbQur's mouth, so iiiearly right ahead 
that we had not to alter our course above a point in order to hit the entrance of 
Rio. Thrs was the first land we had seen for three months, after crossing so 
iitanr seas, and being set backwards and forwards by innumerable currents and 

foul winds.' 

« 

^ Arietis comes to the meridian about 12 minutes after She- 
ratan, on the 5th December, near where the sun does in mid- 
summer. Arietis. also, is nearly on the same meridian with 
Almaach, in the foot or Andromeda. 19^ N. of it, and culmi- 
nates only four minutes after it. The otner stars in this con- 
stellation'are quite small, constituting that loose cluster which 
we see between the Fly on the north, and the head of Cetus 
oiTthe south. 

When Arietis is on the meridian, Andromeda and Cassio- 
peia are a little past the meridian^ nearly over head, and Per- 
seus with the head of Medusa, is as far to the east of it. 
Taurus and Auriga are twa or three hours lower down; 
Orion appears in the S. E.. and the Whale on the meridian, 
just below Aries, while Pegasus and the Swan are seen halt 
way over in the west. ' 

The manner in which the ancients divided the Zodiac into 12 equal parts, was 
both simple and ingenious. Having no instrument that would measure time 
exactly, '^They took a vessel, with a small hole in the bottom, and havings filled 
It with water, suffered the same to distil, drop by drop, into another vessel set 
bene^h to receive it, beginning at the moment when some star rose, and con- 
tinuing till it rose the next following night, when it would have performed one 
complete revolution in the heavens. The water falling down into the receiver 
fhey divided into 12 equal parts; and having twelve other small vessels in readi. 
iiefti, each of them cai>able of containing one part, they again poured all the wa. 
ter into the upper vessel, and observing the rising of^some star in the Zodiac, 
at the same time suffered the water to drop into one of tiie small vessels. And 
a« soon as it was full thev removed it, and set an empty one in its place. Just 
as each vessel was full, they took notice what star of the Zodiac rose at that 
titne, and thus continued the process through the year, until the 12 vessels wera 
fillet' " 

Tnus the Zodiac was divided into 12 equal portions, corresponding to the 12 



When does Arfctfs pass the meridian? "What other brilliant star \9 on the mendian 
nearly at the same tlmel When Aries Is on the roerlrtlnn, what other con.-?tellatlona 
are immediately in view? Dencribe the manner in which the ancients divided tM 
Zodiac At tofutt point qfthe Zodiac did this diviaion commence J 
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iiu*ntit8of tbc year, commencing at the vernal eqninox. Eaeli uflliesp i:itn.i«m« 
Hf t-vcfl as the visible representative or sign of the month it appeared iii. 

All those stars in the Zodiac which were observed to rise wliile the first vessel 
was billing, were constellated and included in the first sign, and called Arie», an 
animal held in great esteem by the shepherds of Chaldea. All those stars in the 
Zodiac which rose while the second vessel was filling, were constellated and 
included in the second sign^ Which for a similar reas«>n. was denominated 7Vzu- 
nis ; and all those stars which were observed to rise while the third ves£:el was 
filling, were constellated in the third sign, and called Gemini, in allusion to the 
ticin season of the flocks. 

Thus each sign of 30° in the Zodiac, received a distincthre apnelhition, acconi' 
ing to the iancy or superstition of the inventors; which names nave ever since 
been retained, although the constellations themselves have since left their n«mi- 
iiial signs more than dO<^ behind. The sign Aries, therefore, included all the star» 
embraced in the first 30<^of the Zodiac, and no more. The sign Taurus, ii; like 
manner, included all those stars embraced in the next 30° of the Zndiac, or those 
between 30° and 60°, and so of the rest. Of those who imagine tliat the twelve 
constellations of the Zodiac refer to the twelve tribes of Israel, eotue ascrib* 
Aries to the tribe of Simeon, and others, to Gad. 

History.— According to fable, this is the ram which bore the golden tleet^ 
and carried Phryxus and his sister Helle through the air, when they fled to Col* 
chistrom the persecution of tiieir stepmother mo. The rapid motion of the ram 
in his aerial flight high above the earth, caused the head of Helle to turn with 
giddiness, and she fell from his back into that part of the sea which was after- 
wards called Hellesponty in commemoration of the dreadful event. Phryxus 
arrived safe at Colchis, but was soon murdered by his own father-in-law, ^es, 
who envied him his golden treasure. This gave rise to the celebrated Argo> 
uaiitic expedition under the command of Jason, for the recovery of the golden 
fleece. 

Nephele, queen of Thebes, having provided her children, Phryxus and Helle. 
with this noble animal upon which thev might elude the wicked designs^bi 
those who sought their life, was afterwards changed into a cloud, as a reward 
for her parental solicitude ; and the Greeks ever after called the clouds by ner 
name. But the most probable account of the origin of this constellation is given 
in a preceding paragraph, where it is referred to the flocks of the Chaldean 
shepherds. 

During the caroiutigns of the French army in Egypt, General Dessaix discor 
ercd among the ruins at Dendcra, near the Danks of the Nile, the great temple 
Bup|)08ed by some to have* been dedicated to Isis, the female deity of the EgyP' 
tians, who believed that the rising of the Nile was occasioned by the tears which 
she continually shed for the loss of her brother Osfaris, who was murdered by 
Typhon. 

Others suppose this edifice was erected for astronomieal purposes, from tb« 
circumstance that Ui>o Zodiacs were discovered, drawn upon the ceiling, on op. 

{)osite sides. On both these Zodiacs the equinoctial points are in Leo, and not 
n Aries ; from which it has been concluded, hj those who pertinaciously en- 
deavour to array the arguments of science ajgainst the chronology of the Bible 
and the validity of the Mosaic account, that these Zodiacs were constructed when 
the sun entered the sign Leo, which must have been 9720 years ago, or 4000 years 
before the inspired account of the creation. The infidel writers in FVance and 
Gennany, make it 10,000 years before. But we may " set to our seal," that what* 
ever is true in fact and correct in inference on this subject will be found, in the. 
end, not only consistent with the Mosaic record, but with the common meaninf 
of the expressions It uses. 

The discovery of ChampoUion lias put this question for ever at rest ; and M. 
fjatronne, a most learned antiquary, has very satisfactorily demonstrated that 
these Egyptian Zodiacs are merely the horoscopes of distinguished personai^ea, 
or the precise situation of the heavenly bodies in the 2k>diac at their nativity. 
The idea that such was their purpose and origin, first suggested itself to this 
gentleman on finding, in the box of a mummy, a similar Zodiac, with such 

What did each of these portions qf the Zodiac serve 7 IVftat stars were placed in tht 
first signf What name was given to t?teeonsteUatUm thus formed? What stars were 
placed in the second sign? What teas the second constellation called? liTiat stars foert 
placed in the third sign, and what toa^U called ? Are the same names still retained 1 
wkttt does this precession, or going Jl rward qfthe stars amount to in a year 7 
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kiscrijitions and characters as determined it to be the horoscope of the deceased 
l«erdon. 

Oi'all t^e discoveries of the antiquary among the relics of ancient Greece, the 
mias of Palmyra, tlie gigantic pyramids of Egypt, the temples of their gods, or 
the Repulchres of tlieir kings, scarcely one so aroused and riveted the curiosity 
of the learned, as did the discovery of ChampoUion the younger, which deciphen 
the hieroglyphics of ancient ISgypt. 

The potency of this invaluable discovery has already been signally-manifcNred 
in settling a lormidable controversy between the champions of infidelity and 
those wiio maintain the Bible account of the creation. It has been shown t'^at 
the consitellatiou Pisces, since the days of Ilipparchus, \\a3 come, by rea^n <»f 
the annual precession, to occupy the same apparent place in the heavens that 
Aries did two thousand years ago. The Christian astronomer and the infidel are 
perfectly agreed as to the /oc^, and the amounl of this yearly gain in tlie appa- 
rent motion of the stars. They both believe, and both can demonstnite, that the 
fixed stars have gone forward m the Zodiac, about 60" of a decree in every revo- 
lution of the heaveqs since the creation ; so that were the world to light upon any 
authentic inscription or record of past ages, which should give the true position 
or longitude of any particrku* star at that time, it would be easy to fix an unques- 
tionable date to such a record. Accordingly, when the famous '* Egyptian Zo- 
diacs," which were sculptured on the wails of the teniple at Dendera, were 
brought away en massny and exhibited in the Louvre at Paris, they enkindled a 
more exciting interest in the thousands who saw them, than ever did the en- 
trance of Napoleon. *' Educated men of every order, and those who had the 
vanity to thintc^themselves such,*" says the commentator of ChampoUion, '' riii<h- 
ed to behold the Zodiacs. These Zodiacs were immediately published and com- 
mented upon, with more or less good faith and decorum. Science struck out 
into systcius very bold ; and the spirit of infidelity, seizing upon the discovery, 
flattered itself with the hope of drawing from thence new support It was unjus- 
tifiably tal|^n for granted, that the ruins of E^pt furnished astronomy with mon- 
uments, containing observations that exhibited the state of the heavens in the 
most remote periods. Starting with this assumption, a pretence was nmde ol 
demonstrating, by means of cadculations received as infallible, that the celestial 
appearances assigned to these monuments extended back from forty-five to six- 
ty-five centuries ; that the Zodiacal system to which they must belong, dated 
back fifteen thousand years, and must reach far beyond the limits assigned by 
Moses to the existence of the world." Among those who stood forth more or 
le«s bold as the adversaries of revelation, the most prominent was M. Dupuis, 
the famous author of V origine de tous les Cultes. 

The infidelity of Dupuis was spread about by means of pamphlets, and the ad- 
vocates of the Mosaic account were scandalized " until a new Alexander arose 
to cut the Gordian knot, which men had vainly sought to untie. This was Cham- 
poUion the younger, armed with his discovery," I'he hieroglyphics now speak 
a language that all can understand, and no one gainsay. " The Egyptian Zodiacs, 
then," says Latronne, " relate in no respect to astronomy, but to the idle phan- 
tasies of judicial astrology, as connected with the destinies of the emperors who 
made or completed them." 



CE^US. 

The Whale. — As the whale is the chief monster of the 
deep, and the largest of the aquatic race, so is it the largest 
constellation in the heavens. It occupies a ^pace of 50<^ in 
length, E. and W., with a mean breadth of 20° from N. to S, 
It is situated below Aries and the Triangles, with a mean 
declination of 12<5 S. It is represented as making its way to 
tlie E., with its body below, and its head elevated above the 
equinoctial : and is six weeks in passing the meridian. Its 

What Is the eompanitive sine of the Whale? What Is its aztent? Where is It slto* 
•ted 1 ' How long is the Whale in passing the meridlanf 
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lajl comes to tlie meridian on the 10th of November, and tu 
iiead leaves it on the 22d of December. 

This constellation contains 97 stars ; two of the 2d mag^ 
mrude, seven of the 3d, and thirteen of the 4th. The head 
Kii Cetus may be readily distinguished, about 20° S. E. of 
Aries, by means of five remarkable, stars, 4^^ and fp apart, 
and so situated as to form a regular pentagon. The brightest 
of these is Men£ar, of the 2d magnitude, in the nose of the 
Whale. It occupies the S. E. angle of the figure. It is 3^® 
N. of the equinoctial, and 15<^ E. of El Rischa in the bight of 
the cord between the T^o Fishes. It is directly 37° S. of 
Algol, and nearly in the same direction from the Flv. It 
makes an equilateral triangle with Arietis and the Pleiad^ 
being distant from each about 23° S. , and may otherwise be 
known by a star of the 3d magnitude in the mouth, 3° W. of 
it, called Gamma^ placed in the south middle angle of the 
pentagon. 

Nu is a star of the 4th magnitude, 4° N. W. of Gamma, 
and these two constitute the S. W. side of the pentagon in 
the head of the Whale, and the N. E. side of a similar oblong 
figure in the neck. , « 

Three degrees S. S. W. of Gamma, is another star of the 3d 
magnitude in the lower jaw, marked Delta, constituting the 
E. side of the oblong pentagon ; and 6° S. W. of this, is a 
noted star in the neck of the Whale, called Miro, or the 
^ wonderful star of 1596," which forms the S. E^ side. This 
variable star was first noticed as such by Fabricius, oq the 
13th of August, 1596. It changes from a star of the 2d mag- 
nitude so as to become invisible once in 234 days, or about 
7 times in 6 years. Herschel makes its period 331 days, 10 
hours, and 19 minutes ; while H^velms assures us that it once 
disappeared for 4 years ; so that its true period, peibaps, has 
not been satisfactorily determined. 

The whole number of stars ascertained to be variable, amounts to only 15| 
irtiile those which are suspected to be variable, amount to 37. 

Mira is 7^ S. S. E. of El Rischa, in the bend or knot of the 
riband which connects the Two Fishes. Ten degrees S. of 
Mira. are 4 small stars, in the breast and paws, about 3^ apart, 
whicn foxm a square, &e brightest being on tne E. Ten de 

When does it approach, and when does it leave the meridian? 2SVhat is the whole 
■umber of stars in Cetus? What is the masnltude of the prinelpal ones? How 
may the head of Cetus be distinguished? What are the name and position of Um 
brightest? How far is it ftom the equinoctial, and the principal star in the Hshes? 
What is Its direction tnm Algol and the FV' With what stirs does it form an eanl- 
Iktend triangle? How may It otherwise oe kAown? Defctlbe the position of Nu. 
Describe the situation of Delta and Mira. When and by wbnm was this star discovei- 
ed to be variable? What are the extent and period of this vwlation? How longdoM 
Reneoel make It? What does Hevellus say of itt Has the true peno ofMMDIM| 
' sdorUr determined} How ftr, and which way is Mira firom Alpha, In mrVWR 
[fitaind} Whai (bur small stan do ron observe lOO ^ of Mlnf 
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ffrees S. W. of Mira, is a star of the 3d magnitude n tJie 
heart, called Bofen KccCtos, which makes a scalene triangle 
with two olher stars of the same magnitude 7° and 10<^ W. of 
it; also, an equilateral triangle with Mira and the eastern- 
most one in the square. * 

A great number of geometrical fij^rures may be formed from the stars in this^ 
vmI m most of the other constellations, merely by reference to the maps ; but 
It is better that the student should exercise Iiis own ingenuity in this way with 
reference to the stars themselves, fur when once he has constructed a group 
into any letter or figure of his own invention, he never will forget it 

The teacher should therefore require his class to commit to writing the resull 
of their own observations upon the relative position, magnitude and figures of 
the principal stars in each constellation. One evening's exercise in this vray 
will disclose to the student a surprising multitude of crosses, squares, triangles, 
area and lettera^ by which he will be better able to identify and remember them, 
Chan by any instructions that could be given. 

For example : Mira and Baten in the Whale, about l(P apart, make up tha 
B. E. or shorter side of an irregular square, with El Rischa in the code of the 
riband, and another star in tlie Whale as far to the right of Baten, as El Rischa 
is above Mira. Again, 

There are three stars of equal magnitude, forming a stnught line W. of Baten{ 
from which, to the middle star is 10^, thence to the W. one J24 ; and 8^ or 9° 8. 
of this line, In a triangular directioUj-is a bright star of the secand maghitude ih 
the coil of the tail, caiUed Diphda. 

In a southerly direction, 26<^ below Biphda, is Alpha in the head of the Fhe* 
nix, and about the same distance B. W. is Fomaihaut. in the mouth of tha 
Southern Fish, forming togetlier a large triangle, with Diphda hi the vertex ot 
•opofit 

That fine cluster of small stars S. of the little square in the Whale, constitutes 
a part of a new constellation called the Chymical Pumace. The two stars N. E. 
and tlie tliree to the southward of the little square, are in the river JSridanus. 

HisTORT. — ^Thia conatellation is of very earhr antiquity ; though most writers 
consider it the famous sea monster sent bv Neptune to devour Andromeda b^ 
cause her mother Cassiopeia had boasted herself fairer than Juno or the Sea 
Nymphs ; but slain by Perseus and placed among the stars in honour of hia 
aULieVemeut 

"The winged hero now descends, now soars, 
And at his pleasure the rast monster gores. 
Deep in his baclc, swift stooping from above, 
His crooked sabre to the hilt he drove." 

It is quite certain, however, that this constellation had a place in the heavens 
long prior to the time of Perseus. When the equinoctial sun in Aries, which if 
right over the heaa of Cetus, opened the year, it was denominated the Preservef 
«r Detiv&rer, by tlie idolaters of the East On this account, according to Fausa- 
i^las, ti^e sun was worshipped, at Eleusis, under the name of the Preserver oi 
Mkmsur 

T « With gills pulmonic breathes the enormous whale, 
And spouts aquatic columns to the ^ale ; 
Sports on the shining wave at noontide hours, 
And shifting rainbows crest the risbg showera''— i>arwm. 



PEIf^EUS, ET CAtUT MEDl/SJE. 

Perseus is represented with a sword in his right hand, thf 
kead of Medusa in his left, and wings at his feet. It is situ* 

Bow is Baten Kaltos situated? What is said of the various Jlgures that different 



aosuteUations exhibit 7 Give an example. Qfwhat eonsteBtaion does that fine cluster 
«r ^ars cfthe little square in t?ie WhaU, eonstiiuu a part 7 wow Is the constallatioa 
taieos raonsentedY 

m 
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«ted directly N. of the Plejtkdes and the Fly, between Andro- 
meda on the W. and AiTriga on the E. Its mean declination 
is 490 N. It is on the meridian the 24th of December. It 
contains, including the head of Medusa, 59 stars, two of which 
are of the 2d magnitude, and four of the 3d. According to 
Eudosia, it contains, including the head of Medusa, 67 stars. 

" Perseus aezt, 

Brandishes high in heaven his sword of flame. 
And holds triumphant the dire Gorgon's head. 
Flashing with fiery snakes ! the stars he counts 
Are sixty-seven ; and two of these he boasta, 
Nobly refulgent in the second rank — 
One m his vest, one in Medusa's head" 

The HEAn of Medusa is not a separate constellation, but 
forms a part of Perseus. 

It is represented as the trunkless head of a frightful Gor^ 
gon, crowned with coiling snakes, instead of hair, which th^ 
victor Perseus holds in his hand. 

There are, in all, about a dozen stars in the Head of Me 
dusa ; three of the 4th magnitude, and one, varying alter 
nately from the 2d to the ith magnitude. This remarkable 
star is called Algol. It is situated 12<^ E. of Almaach, in the 
foot of Andromeda, and. may be known by means of three 
stars of the 4th magnitude, lying a few degrees S. W. of it, 
and forming a small triangle. 

It is on the meridian the 21st of December; but as it 
continues above the horizon 18 hours out of 24, it may be seen 
every evening from September to May. It varies from the 2d 
to the 4th ms^itude in about 3^ hours, and back again in the 
same time ; after which it remains steadily brilliant for 2$ 
days, when the same changes recur. 

The periodical variation of Algol was determined in 1783, 
by John Goodricke of York (Eng.) to be 2 days, 20 hours, 48 
minutes, and 56 seconds. 

Dr. Herschel attributes the variable appearance of Algol to 
spots upon its surface, and thinks it has a motion on its axis 
similar to that of the sun. He also observes, of variable stars 
generally : — " The rotary motion of stars upon their axes is a 
capital feature in their resemblance to the sun. It appears to 
me now, that we pannot refuse to admit such a motion, and 
that indeed it may be as evidently proved as the diurnal mo- 

Where is it situated? What Is its decllr.atlon, and when is It on the meridian? What 
in the whole number of its stars } What is the magnitude of its principal ones? Oi 
what constellation docs Caput Medusae form a par* ? How is it represented? What 
Is the whole number of its stars? What is the magnitude of the principal ones? Whui 
are the name and position of the varliUtle star in this constellation? when is it on the 
ineriitlan, and how long may it be seen ? In what time does it vary from the aJ tc fhe 
4lh maenitude, and back again? How long is it steadilj' brilliant? When and by v.hoji 
wa.s iU periodical variation rtefermlned ? "What is its exact iierlod? To ^vhai dttcss Dr 
Herschel attribute its vuriuble appearafv.e'> 
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lion of ihe earth. Dark spots, or large portions of the surface 
iksisi lummous than the rest, turned alternately in certain di 
lections either towards, or from us, will account for all thu 
phenomena of periodical changes in the lustre of the stars, so 
satisfactorily, that we certainly need not look out for any other 
cause." 

It 18 saidf that the famous astronomer LalaniJe, who died at Paris in 1807, wat 
wont to remain whole nights, in his old age, upon the Pont Neuf^ to exhibit lo 
the curious the variations in the brilliancy of the star Algol. 

Nine degrees E. by N. from Algol, is the bright star Alge- 
nib J of the 2d magnitude, in the side of Perseus, which with 
Almaack, makes a perfect right angle at Algol, with the open 
part towards Cassiopeia. By means of this strikingly perfect 
n«^e, the three stars last mentioned may always be recog- 
nised without the possibility of mistaking them. Algenib 
may otherwise be readily distinguished by its being the 
brightest and middle one of a number of stars Iving four and 
Hve degrees apart, in a large semicircular Ibrm, curving to 
wards Ursa Major. 

Algenib comes to the meridian on the 21st December, 15 
minutes after Algol, at which time the latter is almost di- 
rectly over head. When these two stars are on the meridian 
that beautiful cluster, the Pleiades, is about half an hour E. 
of it ; and in short, the most brilliant portion of the starry 
neavens is then visible in the eastern hemisphere. The 
glories of the scene are unspeakably magnificent; and the 
student who fixes his eye upon those lofty mansions of being, 
cannot fail to covet a knowledge of their order and relations. 
and to "reverence Him who made the Seven Stars ana 
Orion." 

The Milky-Way around Perseus is very vivid, being un- 
doubtedly a rich stratum of fixed stars, presenting the most 
wonderful and sublime phenomenon of the Creator's* power 
and ^eatness. Kohler, the astronomer, observed a beautiful 
nebula near the face of Perseus, besides eight other nebulous 
clusters in different parts of the constellation. 

TTiC head and sword of Perseus are exhibited on the circumpolar map. That 
Tory bright star 23*^ E. ol Algol, is Capella in the Charioteer. 

History. — ^Perseuswas the son of Jupiter and Danae. He was no sooner bom 
than lie was cast into the sea with his mother ; but being driven on the coasts 
of one of t!ie islands of the Cyclades, they were rescued by a fisherman, and 
MXTied to Polydcctes, the king of the place, who treated tliein with great hu- 
manity, and intrusted them to the care of the priests uf Minervdi's Tciiinle. His 
I'uans genius and manly courage soon made him a favourite of the gods. At a 



How may Algenib be distinguished? "When Is It on themcrJJian? How long after 
Algol? "When these two stars are on the roeritlian, what licautlftil cluster is half an 
AOMteast of It J What is the jreneral apiiearanoe of ihe eHStern hemisphere at that lime 7 
What Is the appeamnce of the Milky Way around Perseus? What nebulae bave beea 
observed In tfiu constellatiun } 
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freac iesMt of Polydectes, all the nobles were expected to present the king with 
■ superb and beautiful horse ; but Perseus, who owed his benefactor muchi 
not wishing to be thought less munificent than the rest, engaged to bring him 
the head of Medusa, tlie only one of the three Gorgons who was Mibject to mor- 
tality. Th<uiauics of the other two were Stheno and Enriale. They were r*^ 
*«resented with serpents wreathmg round their heads instead of hair, having 
yellow wings and brazen hands ; their bodies wliich grew indissolubly together, 
were covered with impenetrable scales, and their very looks had the power o( 
turning into atones all those on whom they fixed their eyes. 

To equip Perseus for this perilous enterprise, Pluio, the god of the {nfenuL 
regions, lent him his hehnet, which had the power of rendering the wearer m* 
visible. Miuerva the goddess of wisdom, furnished him with her buckler, whicb 
was as resplendent as a {wlished mirror ; and he received from Mercui^, wings 
for his feet, and a dagger made of diamonds. Thus equipped, he mounted mio 
the air, conducted by Minerva, and came upon the monsters who, with the 
watchful snakes about their heads, were all asleep. He approached them, and 
with a courage which amazed and delighted Minerva, cut on with one blow Me- 
dusa's head. The noise awoke the two immortal sisters, but Pluto's helmet ren- 
dared Perseus invisible, and the vengeful pursuit of the Gorgons proved fruitleu. 

" In the mirror of his polished shield 
Reflected, saw Medusa slumbers take, 
And not one serpent by ^ood change awake ; 
Then backward an unerring blow he sped, 
And from her body lopped at once her head." 

PenieuiF then made his way through the air, with Medusa's head yet re«kin| 
In his hand, and from the blood, which dropped from it as he flew, sprang bC 
those innumerable serpents tliat have ever smce infested the sandy deserts of 
L^bia. 

The victor Perseus, with the Gorgon head, 
O'er Lybian sands his airy journey sped, 
The gory drops distilled, as swift he flew, 
And from each drop envenomed serpents grew.'* 

The destruction of Medusa rendered the name of Perseus immortal, and ha 
was changed into a constellati<m at his death, and placed amoi^the ttarsi with 
the head of Medusa by his side. 



CHAPTER III. 

OraECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 

THE MERIDIAN IN JANUARY. 

Tlie constellations which pass our meridian in the months of January, Febnv 
ary and March, present to us the most brilliant and interesting portion of the 
heavens ; embracing an annual number of stars of the highest order and bright- 
ness, all so conspicuously situated, that the moet Inexperienced can easily trace 
them out. 

TAURUS. 

The Bull is represented in an«attitude of rage, as if about 
to plunge at Orion, who seems to inyite the onset by prove 
cations of assault and defiance. Only the head and snoulders 
of the animal are to be seen; but these are so distinctly 

What U the comparative briUiancy cfthe eorutelltttioru tofUeh past the meridian tn 
Mnuary, February and March/ How is Taurus represented} What pans of Vtmi 
'■MauUantobeseenl . 



marked that they cannot be mistaken. Tauras ib uov/ ihw 
seLond sign and third constellation of the Zodiac; but anto 
rior to the time of Abraham, or more than 4000 years affo, 
the vernal equmox took place, and the year opened when tne 
sun was in Taurus ; and the Bull, for the space of 2000 years, 
was the prince and leader of the celestial host. The Ram 
succeeded next, and now the Fishes lead the year. The head 
of Taurus sets with the sun about the last of May, when the 
opposite. constellation, the Scorpion is seen to rise in the.S. 
G. It IS situated between Perseus and Auriga on the north, 
Gemini on the east, Orion and fyi/l^ctlus on the south, and 
Aries on the west, having a mean de^ination of 16° N. 

It contains 141 visible stars, including two remarkable 
clusters called the Pleiades and Hyades. The first is now 
on. the shoulder, and the latter in the face of the Bull. 

The Pleiades, according tg fable, were the seven daughters 
of Atlas and the nymph Pleionb,* who were turned into stars, 
with their sisters the Hyades, on account of their amiable 
virtues and mutual affection. ^~. 

TTms we everj where find that the ancients, with all their barbarism and 
Idolatry, entertained the belief that umblemished virtne and a meritorious life 
would meet their reward in the slcy. Thus Virgil represents Ma(j;uu8 Apollo as 
bending from the sky to address the youth lulua : — 

" Macte nova virtute puer ; sic itur ad astra; 
Diis genite, et geniture Deos." 

" Go on, spdjl^ boy, in the paths of virtue ; it is the way to the stars ; ofl^rlnc 
of the gods tnHp— so shait thou become the father of gods." 



Our disgust aftheir superstitiona may be in some measure mitigated, by seri- 
onsly reflecting, that had some of these personages lived in our day, they hail 
been ornaments in the Christtan church, and models of social virtue. 

The names of the Pleiades are AlcictfTe, Mercfe, Msfla, 
ETie^ra, Tay^efa, Ste/Q^ie and Ceiejio. Merope was the only 
one who married a mortal, and on that account her star is 
dun among her sisters. 

Althougn but six of these are visible to the naked eye, yet 
Dr. Hook informs us that, with a twelve feet telescope, he 
saw 78 stars ; and Rheita afiBirms that he counted 200 stars 
in this small cluster. 

The most ancient authors, such as Homer, Attalus, |ftA Geroinus, counted only 
fix Pleiades ; but Simonides, Varro, Pliny, Aratus, Bipparchus, and Ptolemy, 
reckon them seven in number ; and it was asserted, that the seventh had been 
seen before the burning of Troy ; but this difference might arise from the di. 
ference in distinguishing them with the naked eye. 

* Dr. Hutton is of opinion that Atlas being the first astronomer who disco* 
vered these stars, called them by the names of the daughters of his wife Pleioneb 
.— -^ ' • .... I 

Vvhat is the numerical order of Taurus among the signs and constellations of the 
Zodtaci ^iW^hat was its position in the Zodiac before the time of Abraham? How lonx 
did it continue to lead the celestial host) What constellation succeeded next? where 
Is l^uras now f.ita<ited? How many stars does it contain 7*What remarkable clusters 
tie In this constellaudnj Where are these placed rMentlon the names of the Pleiades. 
Which of these seven stars is not seen, and why? Are these six all that can be seen 
ttmiueh the telescope? 

5* 
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The Pleiades aie so called from the Greek word, ir\uty 
pleein, to sail; hecause, at this season of the year, they 
were considered "the star of the ocean" to the benighted 
mariner.* Alcyone, of the 3d magnitude, being the bnghtesi 
star in this cluster, is sometimes called tne light of tlie Ple^ 
iades. The other five are principally of the^4th and 5th 
magnitudes. 

The Pleiades, or as they are more familiarly termed, the 
^even stars, come to the meridian 10 minutes before 9 o'clock, 
on the eyening of the 1st of January, and may serve, in plac« 
of the sun, to indicate the time, and as a guide to the sur- 
rounding stars. 

Aerording to Hesiod, who wrote about 900 years before the bfrth of our Sa- 
vic'ir, the heliacal rising of the Pleiades tooli place on the lUh of May, about th« 
lime of harvest 

"When, Atlas-bom, the Pleiad stars arise 
Before the sun above the dawning skies, 
'Tis time to reap ; ^d when they sink below 
The mom-illumin'd west, 'tis time to sow." 

Thus, in all ages, have the stars been observed by the husbandman, tot 
* signs and tbr seasons." 

Pliny says that Thales, the Miletan astronomer, determined the cosinical setting 
of the Pleiades to be 25 days after the autumnal e<|uinox. This would make a 
difference between the setting at that time and the present, of 35 davs, and as a 
day answers to about 59' of the ecliptic, these days will make 34^25 . This di- 
vid 'd by the annual precision (50^"X will give 1^65 years since the time of 
Thales. Thus does astronomv become the parent of chronoIoKy. 

If it be borne in mind that the stars uniformly rise, come to tn^neridian, and 
set about four minutes earlier e^^ery succeeding night, it will^^Brery easy to 
determine at what time the seven stars pass the meridian, on IHniigbt subse^ 
quent or antecedent to the 1st of January. For example > at vipsL time will the 
—^ 

* Virgil, who flourished 1900 years before the mvenuon of the magnetic needle, says 
that the stars were relied upon, in the first ages of nautical enterprise, to guide the 
rude bark over the seas. 

"Tunc ainos primum fluvti sensere cavatas ; 
Navita turn stellis numeros, et nomina fecit, 
Pleiadas, Hyadas, claramque Lycaonis Arcton." 

*' Then first on seas the shallow alder swam ; 



Then sailors qu^er'd heaven, and found a name 

" :'a and eveiy 
T^e Pleiads, Hyads, and the Northern Car.' 



For every flx'd and eveiy wand'img star— 



The Mone poet' also describes Pallnurus, the renowned pilot of the Trojan fleet, at 
watching the foce of the nocturnal heavens." 

" Sldera cuncta notat tacito labentla coeio, 
Axcturum^Hjviasiiue Hyadas, gemlnosquo Tnones, 
Armatumque auro circumspiclt Oriona." 

** Observe the stars, and notes their sliding course. 
The Pleiads, Hyads, and their wai'ry force ; 
And both the Bears is careftil to behold 
And bright Orion, arm'd wita oumish'd gold.* 

Indeed, this sagacious pilot was once so intent in gazing upon the stars while at tiA 
helm* that he fell oveiboard, and was lost to his companions. 

" Headlong he fell, and, struggling in the main, 
Cried out for heloing hands, out cried in vain.** 



From what circumstance do the Pleiades derive their name? What Is the brighteflt 
of the Pleiades called? What Is the size of *he rest? When are the Pleiades on the 
meridian? ^010 much earlier do the start rite, come to the merUianh and eel, evetw 
mueeeiingwlghtl 
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L wtMtn enlmiiMto on the 6th Janauy t MuJtipIy the 5 days bj 4 and tate 
the remitt (rom the time th«y culmiuate od the let, and it will gire 30 f"*nTittt 
after 8 o'clock in the evening. 

The Pleiades are also sometimes called VergilieB, or the 
** Virgins of spring;" because the sim enters this cluster in 
the " season of blossoms," about the 18th of May. He who 
made them alludes to this circumstance when ne demands 
of Job : *' Canst thou bind the sweet influences of the Pie 
iades," &c.— [Job 38 : 31.] 

The Syrian name of the nelades ie Sfuceoth, or Sktccoth-Benoth^ derived from 
aChaldaic word, which aignifiea "to speculate, to observe," and the "Men of 
Buccoth," (2 Kinga 17 : 90.) have been thence conaidered obaenrera of th« 



The Hyades are situated ll^ S. E. of the Pleiades, in the 
face of the Bull, and may be readily distinguished by means 
of five stars'^ so placed as to fonn the letter V. The most 
brilliant star is on the left, in the top of the letter, and called 
Aldebaran ; from which the moon's distance is computed. 

"A star of the first magnitude illumes 
Bis radiant head ; and of the second rank. 
Another beams not for remote." 

Aldebaran is of Arabic origin, and takes its name from twt> 
words which signify, " He went before, or led the way" — 
alluding to that period in the history of astronomy when this 
star led up the starry host from the vernal equinox. It comes 
to the merman at 9 o'clock on the 10th of January, or 48^ 
minute&afM Alcyone, on the 1st. When Aries is about 27<> 
high, Aldebuan is just rising in the east. Bo Mamilius : — 

<*ThuB when the 12am hath doubled ten degrees^ 
And join'd seven more, then rise the Hyades." 

A line 15^^ E. N. E. of Aldebaran will point out a bright 
star of the 2d magnitude in the extremity of the northern 
horn, marked Beta or El Nath ; (this star is also in the foot 
of Auriga, and is common to both constellations.) From 
• Beta in the northern horn, to Zeta, in the tip of the southern 
horn, it is 8^, in a southerly direction. Tnis star forms a 
right angle with Aldebaran and Beta. 'Beta and Zeta, then, 
in the button of the horns, are in a line neu|^ north and south, 
80 apart, with the brightest on the nortUP That very bright 
■tar 17^^ N. of Beta, is Ccff)eUa^ in the constellation Auriga^ 

* The ancient Greeks counted seven fn this cluster ^~ 

"The Bull's head shines with seven reftUgent flames, 
Which, Oreeio, Hyads, trom their ahaweiing, names.^ 

Ai what time witt tht seeen sfarv etUnUnate &nilu S^ January f By what ntbcr 
names are they sometimes called, and why7 C^hat allusion is made to this cluster . 
hx the ancient Scrlpturesi Describe the situation and appearance of the Hjradea. 
What ia the brightest of tliem callerl 7 What is the origin of the word Aldebaran, and 
to what does it allude? When does Aldebaran culminate? Describe the position of 
Beta? What am the nante and diiectinn of the star in the southern hqml what is th» 
niatt?e position of these stars 7 What very bright star is seen 170 aiK N. of Betal 



56 PICTUAE OP THE HEAVENS. [jAH 

tfisTovv --A^scording to the Grecian mjtholoj^j, this Is the anhnal whtelk bore 
f'lurora ovAt the seas to that country, which denved from her its name. She mm 
tfre aaughter of Agenor, and princess of Phoenicia. She was so beautiful that 
. unitei oecame enamoured of her ; and assumingthe shape of a snow-white 
bulL he mingled with the herds of Agenor, while Europa, with her female at> 
r.enoanta were gathering flowers in the meadows. Europa caressed the befo 
^Au animal andat last had tlie courage to sit upon his back. The god now took 
«i[yantage of her situation, and with precipitate steps retired towards the shor6) 
and crossed the sea with Europa upon his back, and arrived safe in Crete. Some 
supprse she lived about 1562 years before tlie Christian era. It is probaole, 
however, that this constellation had a place in the Zodiac before the G^^eeks be^ 
gan to cultivate a knowledge of the stars ; and that it was rather an invention of 
Uie Egyptians or Chaldeans. Both the Ej^yptians and Persians worshipped s 
deity under thi^ fi^re, by the name of Apis ; and Belzoni is said to have ibiiiu) 
an embalmed bull m one of the notable sepulchres near Thebes 

In the Hebrew Zodiac, Taurus is ascribed to Joseph. 



ORION 



Whoever looks up to this constellation and learns its name, 
will never forget it. It is too beautifully splendid to need a 
description. When it is on the meridian, there is then above 
the horizon the most magnificent view of the celestial bodies 
that the starry firmament aiSbrds ; and it is visible to all the 
aabitable world, because the equinoctial passes through the 
middle of the constellation. It is represented on celestial 
maps by the figure of a man in the attitude of assaulting the 
Bull, with a sword in his belt, a huge club in his ri^^ht hand, 
and the skin of a lion in his left, to serve for a s^Iu. 

Manilius, a Latin poet, who composed five biPu .oit as- 
tronomy a short time before the birth of our Saviour thus 
describes its appearance : — 

" First next the Twins, see great Orio rise. 
His arms extended stretch o'er half the skies 
His stride as large, and with a steady pace 
He marches on, and measures a vast space ; 
On each broad shoulder a bright star display'd, 
And three obliquely grace his hanging blade. 
In his vast head, immers'd in boundless spheres, 
Three stars, less bright, but yet/as great, he bears, 
But farther off removed, their splendour's lost ; 
Thus grac'd and arm'd he leads the starry host" 

The centre of the constellation is midway between the 
poles of the heavenskand directly over the equator. It is also 
about 8° W. of the solstitial colure, and comes to the me 
ridian about the 23d of January. The whole number of 
visible stars in this constellation is 78 ; of which, two are ot 
the first magnitude, four of the 2d, three of the 3d, and fif- 
teen of the 4th. 

Those four brilliant stars in the form of a long square oi 

V^&t l8 the general appearance of the constellation Orion 7\snien this constellatfon 
Is on the meridian, what is the appearance of the starry flrmaraentf XTo whom is IC 
vUB>Ie, and why? Howls Orion represented on celestial maps? Descrftie Its position. 
How Is it situated with respect to the splstttial colure, and when Is 't on the meridlttit 
What remarkable stars form the outline of the constellation t 
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pandJelogram, intersected in the middle by the ''Three 
Stars," or " Ell and Yard," aboat 25° S. of the Bull's horns, 
form the outlines of Orion. The two upper stars in the par 
allelogram are about 15° N. of the two lower ones ; and. 
oeing placed on each shoulder, may be called the €paulets oi 
Orion. The brightest of the two lower ones is in the left 
loot, on the W., and the other, which is the least brilliant of 
the four, in the right knee. To be more particular : Bella- 
trix is a star of the 2d magnitude on the W. shoulder ; Be* 
telguese is a star of the 1st magnitude, 7^° £. of BellsCtriz, 
on the E. shoulder. It is brighter than Bellatrix, and lies a 
little farther towards the north ; and comes to the meridian 
30 minutes after it, on the 21st of January. These two form 
the upper end of the parallelogram. 

jRigel is a splendid star of the 1st magnitude, in the left 
foot, on^the W. and 15° S. of Bellatrix. Saiph^ is a star of 
the 3d magnitude, in the right knee, 8^° E. of Rigel. Theaa 
two form me lower end of the parallelogram. 

« First in rank 

The martial star upon his shoulddr flames : 
A xvt9l star illuminates his foot; 
And on his ^rdle beams a luminary 
Which, in vicinity of other stoms, 
Might claim the proudest honours." 

There is a little triangle of three small stars in thellead of 
Orion, whid^ forms a larger triangle with the two in his 
shoulders, m the middle of the parallelogram are three stars 
of the 2d magnitude, in the belt of Orion, that form a straight 
line about 3<^ in length from N. W. to S. E. They are usu- 
ally distinguished by the name of the Three Stars, because 
there are no other stars in the heavens that exactly resemble 
them in position and brightness. They are sometimes d»* 
nominated the Three Kings^ because they point out the 
Hyades and Pleiades on one side, and Sirius, or the Dog-star 
on the other. In Job they are called the Bands of Orion ; 
while the ancient husbandmen called them Jacobus rod, and 
sometimes the Bake, The University of Leipsic, in 1807, 
gave them the name of Napoleon, 6ut the more common 
appellation for them, including those in the sword, is the EU 
and Yard, They derive the latter name from the circum 
vtance that the line which unites the " three stars" in the belt 
measures just 3° in length, and is divided by the centiral star 

Describe the two upper ones in the group. DescrUie the two lower ones. GiTO a 
more particular description of the stars in the shoulder. How do you distinguish B»- 
telgoese Arom Bellatrix t When does Betelguese come to the meridian ? DesvTibe th^ 
staff ¥iUcU form the lower end of the parallelogram. What stars do rou observe in 
tte hMd 4^0rtonl Describe the situation and appearance of the " Three Stirs?" Why 
■le they called the three stars? What else are they denominated, and wny ? What 
ntmes weve given to Uiem by the ancients? What by the University of Lciusict What 
Is the more femUiar tdzm for them, and whence is it derived? 
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in 10 two equal parts, ijke a ^ard-stick ; thus serviiij; as a 
graduated stand ird for measuring: the distances of stars ironi 
each other. When therefore any star is described as being 
so many degrees from another, in order to determine the dis- 
tance, it is recommended to apply this rule. 

It is necessary that the scholar should task bis ingenuity only a few eveninn 
A applying such a standard to the stars, before he will learn to judge of their 
relative distances with an accuracy that will seldom vary a degree irom the trcsh. 

The northernmost star in the belt, called Mir\Jt^ika^ is less 
than ^o S. of the equinoctial, and^when on the meridian, is 
almost exactly over the equator. It is on the meridian, the 
24th of January.* 

The '^ three stars" are situated about 8^ W. of the solstitial 
colure, and uniformly pass the meridian one hour and fifty 
minutes after the seren stars. 

There is a row of stars of the 4th and 5th magnitudes, S. ot 
the belt, running down obliquely towards Salp£, which forms 
the sword. This row is also called the Ell because it is 
once and a quarter the length of the Yard or belt. 

A very little way below Th^it, in the sword, there is a ne- 
bulous appearance, the most remarkable one in the heavens. 
With a good telescope an apparent opening is discovered, 
through which, as tnrough a window, we seem to get a 
glimpse of other heavens, and brighter regions beyond. 

As the telescope extends our knowledge of the stars and greatly incraasei 
their visible number, we behold hundreds and thousands, which, but for this 
almost divine improvement of our vision, had forever remained, unseen by us, 
in an unfathomable void. 

A star in Orion's sword, which appears single to the unassisted vision, is mul- 
tiplied into six by the telescope ; and another, into twelve. Galileo found 80 in 
the belt, 21 in a nebulous star in the head, and abnut 500 in another part ot 
(hion. within the comjwss of one or two degrees. Dr. Hook saw 78 stars in th« 
Pleiades, and Rheita with a better telescope, saw about 200 in the same cluster 
and more than 2000 in Orion. 

About 9<) W. of Bellatrix are eight stars, chiefly of the 4tb 
ma^tude, in a curved line running N. and S. with the con 
cavity towards Orion ; these point out the skin of the lion in 
his left hand. Of Orion, on the whole, we may remark with 
Eudosia^: — 

** He who admires not, to the stars is blind." 

HiSTORT. — ^According to some authorities, Orion was the son of Wi9)»tane and 
queen Euryale, a fiunous Amazonian huntress, and possessing the disposition of 

• Though the iKwltion of this star, with respect to the equator, is the same at an 
%ne8, whether it be on the meridian or in the horizon ; yet It appean to occupf this 
position, only when it is on the meridian. 

How may the distances of the stars ftx>m each other be measured by rsfSsience to tba 
yaidl How are the three stars situated with respect to the solstitial colure. and how 
with respect to the seven stars) Describe the stars which form the swonl of Orion. 
What else is this row called ^VDescribe the nebulous appearance which is visible te 
tm cluster. What other dUctweriet hat the teieecopc made in (hie coiMreUi(i0»l 
mHt sttn abwt »o W. of BeUatrix? 



\ 
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li»« mother, he became the grearetit hunter in the world, and even boasted tiiat 
there waa not an animal on earth which he could not conqoer. To punish thia 
canity, It is said that a scorpion sprung up out of the earth and bit his foot, that 
Ae died ; and that at the request of Diana ne was placed among the stars directly 
opposite to the Scorpion that caused his death. Others say that Orion had no 
mother, but was the gift of the gods, Jupiter, Nentune, and Mercury, to a pea^aai 
of Boeotia, as a reward of piet]^, and that he was invested with the power of w ilk- 
ing over tiie sea without wetting his feet. In strength and stature he surpassea 
all other mortals. He was sIciUed in Uie working of iron, from which he febri> 
cated a fubterranean palace for Vulcan ; he also walled in the coasts of S cily 
against Uie inundations of the sea, and built thereon a temple to its gods. 

Orion was betrothed to the daughter of (Enonion, but he, unwilling to give up 
his daughter, contrived to intoxicate the illustrious hero and put out his eyes on 
the seashore where he had laid himself down to sleep. Orion, finding himself 
blind when he awoke, was conducted by the sound to a neighbouring forge, 
where he placed one of the workmen on his back, and, by his directions, went 
to a place where the rising sim was seen with the greatest advantage. Here he 
turned his face towards the'luminary, and, as it is reported, immediately recoT* 
ered his sight, and hastened to punish the perfidious cruelty of CEnopion. 

The daughters of Orion distinguished themselves as much as their father ; 
and, when the oracle had declared that BcBotia should not be delivered from a 
dreadful pestilence, before two of Jupiter's children were immolated on the 
altars, they joyfully accepted the offer, and voluntarily sacrificed themselves for 
the ^ood of their country. The deities of the infernal regions were struck at the 
patriotism of the two females, and immediately two srars were seen to ascend 
up from the earth, still smoking with their blood, and they were placed in the 
heavens in the form of a crown. Ovid says their bodies were burned by the 
Thebans. and that two persons arose from their ashes, whom the gods soon after 
changed into constellations. 

As the constellation Orion, which rises at noon about the 9th day of March, 
and sets at noon about the 2ist of June, is generally supposed to be accompani 
ed, at its rising, with great rains and storms, it became extremely terrible to 
manners, in the early adventures of navigation. Virgil, Ovid, and Horace, with 
■oroe of the Greek poets, make mention of this. 

Thus Eneas accounts for the storm which cast him on the African coast on hia 
way to Italy : — 

"To that blest shore we steer'd our destined way. 
When sudden, dire Orion rous'd the sea ; 
All charg'd with tempests rose the baleful star, 
And on our navy pour'd his wat'ry war." 

To induce him to delay his departure. Dido's sister advises her to 

^Tell him, that, charg'd with deluges of rain, 
Orion rages on the wintry main." 

The name of this constellation is mentioned in the books of Job and Amos, and 
hi Homer. The inspired prophet, penetrated like the psalmist of Israel with 
the omniscience and power displayed in the celestial glories, utters this sublime 
faijunction : "Seek Him that inaketh the seven stars and Orion, and turneth the 
ahadow of death into morning." Job also, with profound veneration, adores His 
awfiil majesty who "commandeth the sun and sealeth up the stars ; who alone 
•preadeth out the heavens, and maketh Arcturus, Orion, and Pleiades, and the 
chambers oftlte south :" And in another place, the Almighty demands of him- 
• Knowest thou the ordinances of heaven 1 Canst thou bind the sweet influen- 
ces of the Pleiades, or loose the bands of Orion ; canst thou bring forth Mazz^ 
roth in his season, or canst thou guide Arcturus with his sons 1" 

Oalmet supposes that Mazzaroth is here put for the whole order of celestial 
Liyiies in the 2odiac, which, by their appointed revolutions, produce the various 
■eaaons of the year, and the regular succession of day anci night Areturut is 
. he name of the principal star in Bootes, and is here put for the constellation 
Vaelt The expression, his sons, doubtless refers to Asterion and Chara. the 
two greyhounds, with wtuch he seems to be pursuing the great bear around the 
North pole. 

Tilt* foljowinji lines are copied from a work entitled "Astronomical Recre» 
tioDs,'' by .1. Oreea of Pennsylvania, to whom the author is indebted for mant 
valuable hints concerning the mythology of the anr.i(>nt r,nnstellati«m.« 
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« 

* Wlien chining winter spreads his a2ur« 'Ues, 
Behold Oritwa ciant form arise ; 
His golden girdle glitters on the sight, 
And the broadfalchion beams in splendour bright 
A lion'a brindied hide his bosom shields, 
And his right hand akpondermts weapon wields. 

The River'e shining streams beneath him pouTi 
And ann^ Taurue raxes close before ; 
Behind nim Proeyon barks, and Siriue growing 
While full in front, the monger Cetua howls. 

Bee bright CapeUa^ and Medusa there, 
With horrid aerpenta hissing tlirough her hair, 
Bee Cancer too, and near the Hydra dire, 
With roaring Leo^ filled with furious fire. 

The timid Hare, the Dove with oUve green, 
And iin'es, fiy in terrour from the scene ; 
The warrior Pereeue gazes from above, 
And the Twin offspring of the thunderer Jore. 

Lo I in the distance. Caeeiope Mr 

In state reposes on tier golden chair ; 

Her beauteous daughter^ bound, before ner standi^ 

And vainly strives to free her fettered hande ; 

For aid she callv on royal Cepheue near. 

But shrieks from her reach not her father's ear. 

See last of all, around the glowing pole, 
With shining scales, the spiry Dragon roll 
A grizzly Bear on either side appears, 
Creeping with lazy motion 'mid tne stars " 

These lines are easilv committed to memory, and would assist the pupil In v» 
filing the names of the constellations in this very interestuif portion of Oie 
iieavens. 



LEl^US. 



The Hare. — This constellation is sitaated directly sontli^ 
of Orion, and comes to the meridian at the same time; 
namely on the 24th of January. It has a mean declination 
18° S. and contains 19 small stars, of which, the four princi- 
pal ones are of the 3d magnitude. It may he readily distin- 
guished by means of four stars of the 3d magnitude, in the 
form of an irregular square, or trapezium. 

Zet€L of the 4th magnitude, is the first star, and is situa- 
ted in tne back, 5° S. of Saiph, in Onon. About the same 
distance below Zeta are the four principal stars, in the legs 
and feet. These form the square. They are marked Alpha. 
Beta, Gamma, Delta. Alpha and Beta otherwise called 
Ameby form the N. W. end of the trapezium, and are about 
Z9 apart. Gamma and Delta form the S. E. end, and are 
about 2^^ apart. The upper ri^ht hand one, which is Ameb, 
is the brightest of the four, and is near the centre of the con- 

Where is the constellation of tlie Hare situated? When does it come to the mert- 
4lan1 What Is the whole number of its stars? What is the magnitude of its principal 
aaesl How may It be distinguished? In what part of the anbnal axe these stars p!»> 
ceflf Describe the inrtncipal star in Lepus. What are the distance and direction of the 
MHue Ikom Zeta) Describe the stan at each end of this square. Which is the 
4c^tMtetthefban 
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stellatioD. Four or five degrees S. of Rigel are four yer; 
minute stars, in the ears of the Hare. 

History.— This coostellation is altuated about 18^ west of the Great I>ofi 

wliicb, from the motion of the earth, seems to be pursuing it, as the GreTbounmi 
tio the Jiear, round tlie circuit of the skies. It was one of those animaJs wliieb 
Orion is said to have delighted in hunting, and which, for this reason, 
into a constellation and placed near him among the stars. 



COLUMfeA. 

Noah's Dove. — This constellation is situated about 16^ S. 
of the Hare, and is nearly on the same meridian with the 
•* Three Stars," in the belt of Orion. It contains only 10 
stars ; one of the 2d, one of the 3d, and two of the 4th mag- 
nitudes ; of these, Phaet and Beta are the brightest, and are 
about 2^o apart. Phaet, the principal star, lies on the right 
and is the highest of the two ; Beta may be known by means 
of a smaller star just east of it, marked Gamma. A line 
drawn from the easternmost star in the belt of Orion, 32^ di- 
rectly south, will point out Phaet ; it is also 11^° ». of the 
lower left hand star in the square of the Hare, and makes 
with Sirius and Naos, in the ship, a large equilateral triangle. 

History.— This constellation is so called in commemoration of the dove which 
Noah " sent forth to see if the waters were abated from off the face of tlio 
rround," alter the ark had rested on mount Aiarat. "And the dove came in lo 
him in the evening, and lo, in her mouth was an olive leaf plucked off." 



-" The surer messenger, 



A dove f ent forth once, and again to spy 
Green tree or ground, whereon his foot roaj light * 
The second time returning, in his bill 
An olive leaf he brings^ pacific sign I" 



ERIDAl^US. 

The River Po. — This constellation meanders over a large 
and very irregular space in the heavens. It is not easy, nor 
scarcely desirable, to trace, out all its windings among the 
stars. Its entire length is not less than 130^ ; which, for the 
sake of a more easy reference, astronomers divide into two 
sections^ the northern and the southern. That part of it 
which lies between Orion and the Whale, including the sreat 
bend about his paws, is distinguished by the name of thB 
Nyrthem stream ; the remainder of it is called the Sovihem 
stream. 

The Northern stream commences near Rigel, in the foot 

Are these all the stars that are visible in this constellationf Describe the sltuatloa 
oTNoah's Dove. How many stars does It contain, and what aie the principal) Whlck 
iifthese are the brijiitest, and how situated? How may Beta be known 7 What Is the 

Kltlon of Phaet with regard to Orion? Describe the general fonn of the constellatioa 
Janus. What is Its entire length, and how is it divided? By what names are theia 
SMttons disttngttlsfasd) What are the course and distance of the Nozthezn stnam) 

6 



62 PICTURE OP THU HEATEN8. {jAR 

ot* Orion, and flows out westerly, in a serpentine course 
nearly 40°^ to the Whale, where it suddenly makes a com- 
plete circmt and returns back nearly the same distance to- 
wards its source, but bending gradually down towards the 
south, when it again makes a similar circuit to the S. W. 
and finally disappears below the horizon. 

West of Rigel there are five or six stars of the 3d and 4th magnitudes, arching 
up in a semicircular ibrm, and marlcing the fivt bend of the northern stream. 
About S^ below these, or 19^ W. of Rigel, is a bright star of the 2d magnitude, 
in the 9^(»Kd bend of the northern stream, marked Qammui. This btar cul- 
minates 13 minutes after the Pleiades, and one hour and a quarter before RigeL 
Passing Gamma, and a smaller star west of it, there are four stars nearly m a 
row, wnich bring us to the breast of Cetus. 8° N. of Gamma, is a smaU star 
named Kitd^ which is thought by some to be consiaerably nearer the earth than 
Biriua 

Uteemimf in the southern stream, is a star of the 3d magnitude, aoout 17^ 8. 
W. of the smiare in I^epus, and may be known by means of a smaller star, 1^ 
aboTe it Mhemar is a brilliant star of the 1st magnitude, in the extremity of 
the southern stream ; but haviiig BdP of B. declination, can never be seen in this 
latitude. 

The whole number of stars in this constellation is 84 ; x>f 
which, one is of the 1st magnitude, one of the 2d, and eleven 
are of the 3d. Many of these cannot be pointed out by yer- 
bal description ; they must be traced from the map. 

History. — Eridanus is the name of a celebrated river in Cisalpine Oaal, also 
called Padus. Its modem name is Po. Vii^l calls it the king of rivers. The Latin 
poets have rendered it memorable from its connexion with the fable of Phaeton, 
who, beinjc a son of Phrebus and Clymene, became a favourite of Venus, who 
intrusteJ liim with the care of one of her temples. This favour of the goddesb 
made him vain, and he sought of hi« father a public and incontestable sign of his 
tend j«r.e«s, that shoidd convince the world of his origin. Phoebus, after some 
hef^ation, made oath that he would grant him whatever he require^ and no 
8fa«Qcr was the oath uttered, than— 

"The youth, transported, asks without delay, 
To guide the sun's bright chariot for a day. 
The god repented of the oath he look. 
For anguish thrice his radiant head he shook ; — 
My son, Skys he, some other proof require, 
Rash was my promise, rash was thv desire- 
Not Jove himselC the ruler of the sky^ 
That hurls the three-forked thunder from above. 
Dares try his strength ; yet who as strong as Jovel 
Besides, consider what impetuous force 
Turns stars and planets in a difTrent course. 
I steer against their motions; nor am I 
Borne back by all the current of the sky : 
But liow could you resist the orbs that roll 
In adverse whirls, and stem the rapid polll" 

Fhoebus represented the dangers to which he would be exposed In vain. lie 
vndertook the aerial journey, and the explicit directions of his lather were for^ 
gotten. No sooner iiiad Phaeton received the reins than he betrayed his igao* 
ranee of the manner of Kuiding the chariot The flying coursers became sen* 
sible of the confbsion of their driver, and immediately departed from the usual 
track. Phaeton repented too late of his rashness, and already heaven and earth 

Descxibo its first bendl Describe the position of Gamma, and tell when it comos tc 
Vte meridian 1 What ttan are beiw^/en Qamma and the Whalel What mnaU atm 
atoitf 8^ aUHHOB Qamma^ and what U its diMmeefrcm the earth compared with tha: «i 
etriw 7 Deeertbe the Htuation of Theemfm. Deecrtbe the poeUion and ma^tHoe 
q' irotemar? What is the whole number of stars In this constellation l What is C 
*tia4iiltu(teorth« principal ones? 
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w«i/c threatened with a nnirerBal conilagratlon as the cooMqueDce, when Jopi* 
:er. Perceiving the disorder of the horses, struck the driver with a thunderbolt, 
anJ hurled him headlong from heaven into the river Eridsnus. His body, eon* 
sained with fire, was found bv the nymphs of the place, wlu> honoured mm with 
a iecent burial, and inscribed this epitaph upon his tomb : — 

" Hie situa eat Phaeton^ curma auriga patemi .* 
Quene n non tenuitf magnU tamen tsddit auna.*' 

His sisters mourned his unh^>py end, and were changed by Jupiter into 
poplars. 

**Ml the long night their moumftil watch they keep, 
And all the day stand round the tomb and weep."— OvD. 

ft is said the tears which they shed, turned to amber, with which the Phosnl* 
clans and Carthaginians carried on in secrecv a most lucrative tnde. The great 
licat produced on the occasion of the sun's depariing out of his ususl course, is 
sai'! to have dried up the blood of the Ethiopians, and turned their skins black; 
aiid to have produced sterility and barrenness over the greater part of Lybia. 

" At once from life and from the chariot driven, 
Th' ambitious boy fell thunderstruck from heaven." 

"The breathless Phaeton, with flaming hair, ' 
Bhot from the chariot like a falling star. 
That in a summer's evening from the top 
Of heav'n drops down, or seems at least to drop) 
Till on the Po his blasted corpse was hurl'd. 
Far from his country, in the western world." 

The fable of Phaeton evidently alludes to some extraordinary heats which 
were experienced in a very remote period, and of which only this confused tra^ 
dttion has deseended to later times. 



AirklGA. 

The Charioteer, called also the Wagoner, is represented 
on the celestial map by the ligure of a man in a declining 
posture, resting one foot upon the horn of Taurus, with a 
goat and her kids in his left hand, and a bridle in his right. 

It is situated N. of Taurus and Orion, between Perseus on 
the W. and the Lynx on the E. Its mean decimation is 45<> 
N. ; so that when on the meridian, it is almost directly over 
head in New England. It is on the same meridian with 
Orion, and culminates at the same hour of the ni^^ht. Both 
of these constellations are on the meridian at 9 o'clock on the 
24 th of January, and 1 hour and 40 minutes east of it on the 
Ist of January. 

The whole number of visible stars in Auriga, is 66, inclu- 
ding one of the 1st and one of the 2d magnitude, which mark 
the shoulders. Capella is the principal star in this constel- 
lation, and is one of the most brilliant in the heavens. It 
takes its name from Capella, the goat, which hangs upon the 
left shoulder. It is situated in the west shoulder of Aunga, 

How is the consteration Auriga represented 7 Where (8 it situated 1 What is its mean 
declination, and what Its iiositlon on the meridian? How Is it situated in respect to 
CMonl When are these constellations on the meridian? What Is the whole numbei 
of visible stars in AurieaT How many of the 1st and 9d magnitude? What Is the 
of the pri)icipal star, and whence derived? Where is this situated) 
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240 E, of Aljol, and 28° N. E. of the Pleiades. It may be 
known by a little sharp-pointed triangle formed by three stars. 
30 or 40 this side of it, on the left. It is also 18° N. of E: 
Nath^ which is common to the northern horn of Taurus, ^u 
the right foot of Auriga. Capelta comes to the meridian on 
the 19th of January, just 2^ minutes before Rigel, in the fooi 
of Orion, which it very much resembles in brightness. 

Menkalmaf in the east shoulder, is a star of the 2d magiiitude, 7^^ E. of Capella 
md culminates the next minute after BetelKuese, 37}° S. of it JVielOf in the 
rifht arm. is a star of the 4th magnitude, 8° ntrectiy south of Menkalina. 

It may be remarlced as a curious coincidence, that the two stars in the shoul* 
ders of Auriga are of the same maj^itude, and just as far apart as those in Orion, 
and opposite to them. Again, the two stars in the shoulders of Auriga, with the two 
in the shoulders of Orion, mark the extremities of a long, narrow parallelogram, 
lying N. and S., and whose leng h is just five times its breadth. Also, the two 
stars in Auriga, and the two in Orion, make two slender and similar triangles, 
both meeting in a common point, half way between tliem at El Nath, in the north- 
em horn of Taurus. 

Delta, a star of the 4th magnitiide in the head of Auriga, is about 9° N. of the 
two in the shoulders, with Mrhich it makes a triangle, about half the height of 
those just alluded to, with the vertex at Delta. The two stars in the shoulders 
are therefore the base of two similur triangles, one extending about 9° N., to the 
head, the other 18*^ 8., to the heel, on the top of the horn: both figures together 
resembling an elongated diamond. 

Delta in the head, Menkalina in the right shoulder, and Theta In the arm of 
Auriga, make a straight line with Betelguese in Orion, Delta in the square tff the 
Hare, and Beta in Noah's Dove ; aU being very nearly on the same meridian, 
€<' W. of the solstitial colore. 

''See next the Goatherd with his kids ; he shines 
With seventy stars, deducting only four. 
Of which Capella never sets to us,* 
And scarce a star with equal radiance oeaimi 
Upon the earth : two other stars are sieen 
Due to the second order." — Eudoaia, 

HiiTORT.— The Greeks give various accounts of this constellatinn: some snp 
pose it to be Erichihonius, the fourth king of Athens^ and son of VnJcan andiai> 
nerva. who awarded him a place among the constellations on account of his many 
uaefm inventions. He was of a monstrous shape. He is said to have invented 
efaarioti^ and to have excelled all others in the management of horses. In aUu* 
■ion to tiiiis Virgil has the foltowing lines :— 

"Primus Erichthonius curruB et quatuor ausus 
Jungere equos, rapidisque rotis msistere victor." 

Geoigic. Lib. iii. p. 113 

"Bold Erichthonius was the first who join'd 
Four horses for the rapid race design'd, 
And o'er the dusty wheels presiding sate "—Dryden. 

Other writers sav that Bootes invented the chariot, and that Auriga was the 
■on of Mercury, and charioteer to GBnomaus, king of Pisa, and so experienced, 
•hat he rendered his horses the swiftest in all Greece. But as neither of these 
fiibles seems to account for the goat and her kids, it has been supposed that they 
refer to Almathaea and her sister Melis«^ who fed Jupiter, during his infancy, 

* In the latitude of London ; but in the latitude of New England, Capella disappears 
Mow the horison, in the N. N. V., for a few hours, and then reappears in the N. N. EL 

Row may It be known? What are its distance and direction flmm El Nath. in the 
bom of Taurus ? When does Capella come to the meridian 1 Describe the star in the 
tOuniUer qf Auriga. Deeeribe Theta. What curlow eoineidenee exUta between 
t Hart In the ehouldere af Auriga and thoee in the ehottiden qf Orion ? Describe the 
''DeUa. rA« ttoo etare in the shouUere qf Auriga form the base of two tri- 
; deeeribe them. What stars in Auriga, Orion, the Hare, and the Done, 
\ meridian f Bow far is this tine qf ttars vfest qfthe soUui:UU eolut c t 
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witii {[ORt'ii milk, and that, as a reward for their Icindnesa, they weri* p.Aced in 
lite Iteavens. But tliere is no reason assigned for their being placed in the ar«ii« 
of Auriga, and the inference is onavoiibible, that mythology is in &u?t on Jils 
lioiuL 

Jainieson is of opinion that Auriga is a mere type or scientific symbol of the 
beautiful fable of Phaeton, because he was the attendant of Phcebos at that re> 
mote period when Taunis opened the year. 



CAMELOPARD'ALUS. 

The Camelopard. — This constellation was made b/ He- 
velius out of the unformed stars which lay scattered 1)etween 
Perseus, Auriga, the head of Ursa Major, and the Pole Star. 
It is situated directly N. of Auriga and the head of the Lynx, 
and occupies nearly all the space between these and the pole. 
It contains 58 small stars ; ttie five largest of which are only 
of the 4th magnitude. The principal star lies in the thigh, 
and is about 20<^ from Capella, in a northerly direction. It 
marks the northern boundary of the temperate zone ; being 
less than one degree S. of the Arctic circle. There are two 
other stars of the 4th magnitude near the right knee^ 12^ N. E. 
of the first mentioned. They may be known by their standing 
1° apart and alone. 

The other stars in this constellation are too small, and too 
much scattered to inyite observation. 

History. — ^The Camelopard is so called from an animal of that name, peculiar 
a> Ethiopia. Tl\is animal resembles both the camel and the leopard. Its body 
is spotted like that of the leopard Its neck is about seven feet long, its fore and 
hind legs, from the hoof to the second joint, are nearly of the same length ; but 
from the second joint of the legs to the body, the fore legs are so lon| in com^ 
parison with the hind ones, that no person could sit upon its back, without in 
■taoUy sliding off as from a horse that stood op on his hmd feet 



CHAPTER IV. 

OIREOTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE OH 

THE MERIDIAN IN FEBRUART. 

THE LYNX. 

The constellation of the Lynx, like that of the Camelopard, 
SThibits no very interesting features by which it can be dia- 
iinguisbed. It contains only a moderate number of inferior 
stars, scattered over a large space N. of Gemini, and between 
Auriga and Uxsa Major. The whole number is 44, including 

Of what was the Camelopard madei Where Is It situated 7 What Is the whole num- 
ber of stirs? What is the raagnituile of the largest? What are the name and position 
of the principal one? Where are the other principal stars situated? How rosy they 
be known? Whence doea it derive it» name I what Is the situation of the &<ynzt 
What are the number and mag^iltude of its stars 7 

6 
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only three that are so large as the 3d maj^itude. The largest 

of mese^ near the mouth, is in the solstitial colure, 14j^ N. uf 

Menkalina, in the E. shoulder of Auriga. The other two prin 

cipal stars are in the brush of the tail, 3^^ S. W. of another 

star of the same brightness in the mouth of the Lesser Lion, 

with which it makes a small triangle. Its centre is on the 

meridian at 9 o'clock on the 23d, or at half past 7 on the 1st, 

of February. 

HisTORT —This constellation takes its name ftom a wild beast which is said to 
be of the genus of the wol£ 



GEMINL 

The Twins. — This constellation represents, in a sitting 
posture, the twin brothers. Castor and Pollux. 

Gemini is the third sign, but fourth constellation in the 
order of the Zodiac, and is situated south of the Lynx, be- 
tween Cancer on the east, and Taurus on the west. The 
orbit of the earth passes through the centre of the constella- 
tion. As the earth moves round in her orbit from the first 
point of Aries to the same point again, the sun, in the mean- 
time, will appear to move through the opposite-signs, or those 
which are situated right over against tne earth, on the othei 
side of her orbit. 

Accordingly, if we could see the stars as the sun appeared 
to move by them, we should see it passing over the constel- 
lation Gremini between the 21st of June and the 23d of July; 
but we seldom see more than a small part of any 'constellation 
through which the sun is then passing, because the feeble 
lustre of the stars is obscured by tne superior effulgence of the 
sun. ^ 

When the son Is just entering the oatlines of a constellation on the east, its 
western limit may be seen in the mornfng twilight, just above the rising sun. So 
when the sun tias arrived at the westemlimit of a constellation, the eastern pan 
of it may be seen lingering in the evening twilight, just behina the setting sun. 
Under other circumstances, when the sun is said to be in, or to enter, a particu- 
lar constellation, it is to be understood that that constellation is not then visible, 
but that those opposite to it, are. For example : whatever constellation sets M^tb 
the sun on any dav, it is plain that the one opposite to it must be tiien rising, 
and continue visible through the night Also, whatever constellation rises and 
sets with the sun to-day, wiU, six months hence, rise at sun^setting, and set at 
•un-rising. For example : the sun is in the centre of Gemini about ttie 6th of 

Describe the position of the largest Describe the imsition of the other two principal 
stars. What are their distance nnd tUrectlon tram the one In the head? Wlienis its 
oentie on the meridian) Describe the position and appearance of tlie Twins. ^What 
.Is tiie relative posUlon of Gemini among the signs and constellations of the Zodiac* 
IHOW Is the orbit of the earth situated, with respect to these constellations T CRow de 
Ihe sun and earih appear to move through these signs ) When does the sun appear to 
MM through the eonslellation Gemini? (Do we usually see the constellations whOo 
tbt sun ispassiDg tbraugh themffU'Mdsr what circmmttance* can toe He tome partv 
mm9 nVnm Ute nmU in or entering amy coneteUatUm, are the oppoeUe eoneiam 
tmuvSWe or natt Ctf a conttOlation riaewUh the nm to-day, how wtU it riM ^^ 
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July, and must rise and set with it on that rlay ; consequently, six months fmm 
that time, or about tlie 4th of January, it will rise in the east, jusi when the sun 
to'Hecting in the west, and will come to the meridian at mldnignt ; being then e» 
ac|br opposite to the sun. 

MOW as the stars gain upon the sim at the rate of two hours every month, iC 
follows that the centre orthis constellation win, on the 17th of February, come 
to the meridian three hours earlier, or at 9 o'clock in the evening. 

It would be a pleasant exercise for students to propose questions to each 
other, somewhat like the following :— What zodiacal constellation will rise and 
set with the sim to-day 7 What one will rise at sun-setting 1 What constellation 
is three hours high at sun-set, and where will it be at 9 o'clock 1 What consteU 
lation rises two hours before the sun 1 How many days or months hence, and 
at what hour of the evening or morning, and in what part of the sky shall we see 
the constellation whose centre is now where the sun is 1 Ac., dec. 

In solving these and similar questions, it may be remembered that the sun is 
in the vernal equinox about the 2l6t of March, from whence it advances through 
one sign or constellation every succeeding month thereafter ; and that each eon- 
fteUation is one month in advance of the sign of that name : wherefore, reckon 
Pisces in March, Aries in April, Taurus in May, and Gemini in June, &c. ; be> 
ginning with each constellation at the 21st, or 22d of the month. 

Gemini contains 85 stars, including one of the 1st, one of 
the 2d, four of the 3d, and seven of the 4th magnitudes. It is 
readily recognised by means of the two principal stars, Cflw- 
for and Potltuv, of tne 1st and 2d magnitudes, in the head of 
the Twins, about 4i° apart. 

There being only 11 minutes' difference in the transit of 
these two stars over the meridian, they may both be consid- 
ered as culminating at 9 o'clock aoout the 24th of February. 
CcutorAn the head of Castor, is a star of the 1st magnitude, 
4jo N. W. of Pollux, and is the northernmost and the bright- 
est of the two. Polliix, is a star of the 2d masrnitude, in the 
head of Pollux, and is 4 Jo S. E. of Castor. This is one of 
the stars fron\ which the moon's distance is calculated in the 
Nautical Almanac. 

"Of the famed Ledean pair, 

One most illustrious star adorns their sign, 
And of the second order shine twin lights.'^ 

The relative magnitude or brightness of these stars has 
undergone considerable changes at different periods ; whence 
it has been conjectured by various astronomers that Pollux 
must vary from the 1st to the 3d magnitude. But Herschel, 
who observed these stars for a period of 25 years, ascribes the 
variation to Castor, which he found to consist of two stars, 
very close together, the less revolving about the larger once 
in 342 years and two months. 

Bradly and Maskelyne found that the line joining the two stArs which form 
Castor was, at all times of the year, parallel to the line joining Castor and Pollux ; 
and that both of the former move around a common centre between them, in 

iff a constellation come to the meridian at midnight to-day, hoio long befors it uHh 
eome to the meridian at 9 o'efock in the evening ? If the constellation Gemini conM fs 
thA meridian at midnight, on the Ath qfJanvnnj, when teill it culminate at 9 ffCtoOcj 
VHuU Is the number of stars in Gemini ? By what mcansjs It reotlily recomiseaf 
When do these stsirs culmiimteT Descri!»e Castor. Describe PoU-.ix. For whatmi*- 
pose If it observed at sea? Is the brigblness of these two stars always the samel \ 
afcilbec tids variableness lo Castor, and for what reason? 
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I'Dits nearly circular, as two balls attached to a rod woulii do, if suspcnt'ctl by » 
scrin^ affixed to the centre of gravity between them. 

''These men," says Dr. BowJitch, "were endowed with a sharpness of visioxi, 
•lid a i)ower of penetrating into space, almost iinexauipled in the history »f at* 
tronomy." 

tVbuut 20° S. W. of Castor and Pollux, and in a line nearly parallel with thenii 
\a a row of starB 3*^ or 4° a(>artj chielly of the 3d and 4th magnitudes, which dis- 
tinguish the feet of the twins. The brightest of these is AlhenOf in Pollux's upper 
loot ; the next small star S. of it. is in his other foot : the two upper stars In tho 
line next above Gamma, marlc Castor's feet. 

This row of feet is nearly two thirds of tlie distance from Pollux to Betelgaese 
ni Orion, and a line connecting them will pass through Alhena, tlie principal star 
in the feet. About two thirds of the distance from the two in the head to tbose 
In the feet, and nearly parallel with them, Uiere is anotlier row of three stars- 
iibout 6° apait, whicli mai'lc the Icnees. 

There are, in thi j constellation, two otlier remarkable parallel rows, lying at 
right angles with the former ; one, leadine from tlio head to thd foot of Castor, 
tlie brightest star being in the middle, and in the Icnee: the other, leading from 
the head to the foot of Pollux, the brightest star, called Wasat. being in the body, 
and Zeta, next belcw it, in the knee. 

Wasat is in the ecliptic, and v.ery near the centre of the constellation. The 
two stars, Mu and Tejat. in the northern foot, are also very near the ecliptic : 
Tejat is a small star of between the 4th and 5th magnitudes, 29 W. of Mu, and 
deserves to be noticed because it marks the spot of the summer solstice, in the 
tropic of Cancer, ^ust where the sun is on the longest day of the year, and i% 
moreover, the dividing limit between the torrid and the N. temperate zone. 

Proptia, also in the ecliptic, 2^° W. of Tejat, is a star of only the 5th magni> 
fude, but rendered memoinible as being the star whicli served ibr many years to 
determine the position-of the planet ilerschel, alter its first discovery. 

Tims as we pursue the study of the stars, we shall find continually new and 
more wonderful developments to engage our feelings and reward our labour. We 
shall have the peculiar satisfaction of reading the same volume that was spread 
out to the patriarchs and poets of other ages, of admiring what they admired, and 
of being led as they were led, to look upon these lody mansions of being as hav- 
ing, above them all, a common Father with ourselves, " who ruleth in tlie armies 
of heaven, and bringeth forth their hosts by number." 

UiBTORY. — Castor and Pollux were twin brothers, sons of Jupiter, by Leda, 
the wife of Tyndarus, king of Sparta. The manner of their birth was very sin* 
gular. They were educated at Pallena, and aflenvards embarked with Tason in 
the celebrated contest for the golden tlcece, at Colchis ; on which occasion thev 
behaved with unpai'alleled courage and bravery. Pollux distinguished himseu 
by his achievements in arms and personal prowess, and Castor in equestrian 
exercises and the management of horses. Whence they are represented, in tiie 
temples of Greece, on white horses, armed with Bi)ears, riding side by side, 
their heads crowned with ?Lpetasua^ on whose top gUttered a star. Among tlie 
ancients, and especially among the Romans, there prevailed a superstition tha* 
Castor and Pollux often appeared at the head of their armies, and led on theii 
troops to battle and to victory. 

"Castor and Pollux, first in martial force, 
One bold on foot, and one reuown'd for horse. 

Fair Leda's twins in time to stars decreed, 

One fought on foot, one curb'd the fiery steod." — VirgiL 

"Castor alert to tame the iboming steed, 
And Pollux strong to (|eal the manly deed." — Martial. 

Ths brothers cleared the Hellespont and the neighbouring seas from pirates 
after tiy^ir return from Colchis ; from which circumstance they have ever sinci 
been regarded as the friends and protectors of navigation. In the Argonauti'* 
expedition, durinz a violent storm, it is said two flames of fire were seen to play 
around their heads, and immediately the tempest ceased, and the sea was calm. 

"^ — ---- -- — — - - ■ — — _ ^ 

Deaeribe the 9tan which murk (he feet of the Tioint. Specify the ttan in each. How 
i$ this r»U* gUtuUed toith respect to Orion! Detscrihe the eecomd roto qfetan in thU 
eomteUatUM. Are there ya other rotog in thUi constetlatimi f Describe them. HTkot 



Give a description cfthe star Fropus. 



Umitjimltitm qf Wasat 7 Tioo other stars are very near the ecliptic ; mention thtn 
^%ipoiitionqf Tejat. 



]L 
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From this cicpunutance. the sailors inferred, that whenever both fires appeared 
in the sky, it would be iair weather : but wlien only one appeared, there woold 
be storms. 

St. Paul, after being wrecked on the island of Melita, embarked for Rome <*fai 
a ship whose sign was Ctutor and Pollux;" to formed, no doubt, in accordance 
with the {wpular belief that these divinities presided over the sciepce and safetv 
of navigation. 

They were initiated into the sacred mysteries of Cabiri, and Into those of Ceres 
and Eleusis. They were invited to a feast at which Lynceus and Idas were gCMAg 
to celebrate their nuptials vnth Phcebe and Telaria, the daughters of Leucippuu, 
biother to Tyndarus. They became enamoured of the daughters, who were 
about to be married, and resolved to supplant their rivals : a battle ensued, in 
which Castor killed Lynceus, and was himself .killed by Idas. Pollux revenged 
the death of his brother by killing Idas ; but, being himself imtnortai, and most 
tenderly attached to his deceased brother, he was unwilling to survive him ; he 
• therefore entreated Jupiter to restore him to tife, or to be deprived himself of 
immortality ; wherefore, Jupiter permitted Castor, who had been sUun, to share 
the immortality of Pollux; and consequently, as long as the one was upon earth. 
80 long vma the other detained in the mfenud regions, and they altematelv lived 
and died every day. Jupiter also further rewarded their fraternal attachment 
by changing them both into a constellation under the name of GFemtm, TWna, 
which, it is strangely pretended, never appear together, but when one rises the 
other sets, and so on alternately. 

*'By turns they visit this ethereal sky, 
And live alternate, and alternate die."^ffomer« 

''Pollux, offering his alternate life. 
Could free his i)rother, and could daily go 
By turns aloft, by turns descend below."— Fir^ 

Castor and Pollux were worshipped both by the Greeks and Romans, who 
sacpficed white lambs upon their altars. In the ^ebrew Zodiac the consteUsp 
tkm of the Twins refers to the tribe of Benjamin. 



CANIS MINOR. 

The Littli: Dog. — This small constellation is situated 
about 5^ N. of the equinoctial, and midway between Canis 
Major and the Twins. It contains 14 stars, of which two are 
very brilliant. The brightest star is called Procyon, It is 
of the 1st mMjnitude, and is about 4° S. E. of the next bright- 
est, marked Gometza^ which is of the 2d magnitude. 

These two stars resemble the two in the head of the Twins. 
Procyon, in the Little Dog, is 22P S. of Pollux in Gemini, 
and Gomelza is about the same distance S. of Castor. 

A great number of geometrical figures may be formed of 
the principal stars in the vicinity of the Little Dog. For ex- 
ample ; Procyon is 23° S. of Pollux, and 26° E. of Betelguese, 
and forms with them a lajge right angled triangle. Again 
Procyon is equidistant from Betelguese and Sirius, and forms 
with thftiU an equilateral triangle whose sides are each about 
26<^. If a straight line, connecting Procyon and Sirius, be 
produced 23^ farther, it will point out Phaet, in the Dove . 

Describe the situation of CanIs Minor. What is Its whole number of stars I ^What 
(s the magnitude of its principal ones ? What is the brightest one called, and how is 
It situated? What other stars do Procyon and Gomelza resemble? What are the distanca 
surf direction of Procyon Arom Pollux 7 Of GoraelzaflromCastor? What are theirdlstanoo 
■od Oiraction ftum Castor and Pollux? What kind of figures may be formed of Ih* 
stars in tbe nelghUmrhood of the UtUe Doe 7 Give some examples. 



70 PICrUBE OF THB BEAfCIYS. iVMB*' 

Proc]fon is often taken for the. name of the Little Doer, or 
for the whole constellation, as Sirius is for the greater one \ 
tience it is common to refer to either of th^se constellations 
by the name of its principal star. Procyon comes to the me- 
ridian 53 minutes after Sirius, on the 24th of February; 
although it rises, in this latitude, about half an hour be/ore it. 
For this reason, it was called Procyon, from two Greek wordt 
which signify (Ante Canis) " before the dog." 

"Canicula, fourteen thy stars ; but far 
Above them all, illustrious through the skies^ 
Beams Procyon ; justly by Greece thus called 
The bright jorerunner of the grtaitr Dog.** 

fI(8T0!RT. — ^The Little Dog, according to Greek fable, is one of Orion's houcds. 
Some suppose it refers to liie Egyptian god Anubis, wnich was represented with 
a dog's head : others to Diana, the goddess of hunting ; and others, that it is the 
faithful dog Msera, which belonged to Icams, and discovered to his danghtei 
trigone the place of his burial. 'Others, again, say it is one of Actseon's hounda 
that devoured their master, after Diana hsui transtbrmcd him into a stag, to pr»> 
venti^ Blie said, his betraying her. 

^This said, the man began to disappear 
By slow degrees, and ended in a deer. 
Transformed at length, he flies awa; in haste, 
And wonders why he flies so fast. 
But as by chance, within a neighb'ring brook, 
He saw his branching horns, and alterd look, 
Wretched Actseon ! m a doleful tone 
He tried to speak, but only gave a groan ; 
And ay he wept, within the watery i^Iass, 
lie saw the big round drops, with silent pace, 
Run trickling down a savage, hairy face. 
What shoulffhe dol or seek his old abodes, 
Or herd among the deer, and skulk in woods 1 
As he thus ponders, he behind him spies 
His opening hounds, and now he hears their cries. 
From siiuuting men, and horns, and dogs, he flies. 
When now the fluctest of the pack that press'd 
Close at his heels, and sprung before the rest, 
Had fasten'd on hini, straight another pair 
Hung on his wounded side, and held him there, 
Till all the pack came up, and every hound 
Tore the sad huntsman grovelling on the ground."* 

It is most probable, however, that the Egyptians were the inventors of this con 
stellation ; and as it always rises a little before tlie Dog-star, which^ at a partica* 
lar season, they so much dreaded, it is properly represented as a httle watchfiil 
creature, giving notice like a faithlVil sentinel of the other's approach. 

* It Is not dllBcult to deduce the moral of this feUfc. The selfishness and caprice of 
human friendship ftamlsh daily illustmtions of it While the good man, the philan- 
thropist, or the pi^llc l)enefkctor, is in affluent circumstances, and, with a heart to 
devise, has the power to minister blessings to his numerous beneficiaries, his virtues 
are the generel theme : but when adverse storms have changed the ability, though 
they could not shake the will of their benefactor, he is straightway pursued, like Ac> 
tfloon, by his own hounds ; and, like Actaeon, he is " torn to tlie ground" by the flMifi 
that nd upon bis bounty.— L. CI. C L. ^ 

What name is usually given to the Little Dog7 When does Procyon rise and culmi- 
nate, with respect t(> the Dog-FtATl What name, for this reason, was given to this 
It 
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MONOCEROS. 

The Unicorn. — This is a modem constellation, which wa* 
made out of the unformed stars of the ancients that lay scat- 
tered over a large space of the heavens between the two 
Dogs. It extends a considerable distance on each side of the 
equinoctial, and its centre is on the same meridian with 
Procyon. 

It contains 31 small stars, of which the seven principal 
ones are of only the 4th magnitude. Three of these are 
situated in the head, 3° or 4<^ apart, forming a straight line 
N. E. and S. W. about 9° E. of Betelguese m Orion's shoul- 
der, and about the same distance S. of Alhena in the foot of 
the Twins. 

The remaining stars in this constellation are scattered over 
a large space, and being very small, are unworthy of particu- 
lar notice. 

History.— The Monoobros is a species of the Unicom or Rhinoceros. It is 
about the size of a horse, with one white horn ffrowing out of the middle of its 
forehead. It is said to exist in the wilds of Ethiopia, and to be very formidable. 

Naturalists say that, when pursued by the huntera, it precipitates itself from 
the tops of tlie highest rocks, and pitches upon its horn, wnich sustains the whole 
force of its fall, so that it receives no damage thereby. Sparmann informs us. 
that the figure of the unicOrn, described by some of the ancients, has been found 
delineated on the surface of the rock in CaiTraria ; and thence conjectures that 
suclt au animal, instead of he'mg /abulotis, as some suppose, did once actually 
exist in Africa. Lobo aflirme that he has seen it. 

The rhinoceros, which is akin to it, is found in Bengal, Siam, Cochin China, 
part of Ctiina Proper, and the isles of Java and Bumatra. 



CANIS MAJOR. 

The Great Dog. — This interesting constellation is situa- 
ted southward and eastward of Orion, and is universally 
Known by the brilliance of its principal star, SiHits, which is 
apparently the largest and briAtest m the heavens. It glows 
ui the winter hemisphere with a lustre which is unequalled 
by any other star in the firmament. 

Its distance from the earth, though computed at 20 millions 
of millions of miles, is supposed to be less than that of any 
other star : a distance, however, so great that a cannon ball, 
which flies at the rate of 19 miles a minute, would be two 
millions of years in passiil^ over the mighty interval ; while 
sound, moving at the rate of 13 miles a minute, would reach 

Sirius in little less than three millions of years. . 

— — — — ^ 

What stars compose the constellation MonocerosY How fs this constellation situ* 
ated, and when is it on the meridian } What is the whole number of its stars? What 
ts the magnitude of it.s i>rinclna1 ones? Describe those in the hesul. V>eicrthe the vo- 
i«ititiii Hnil ai/pcarance of CHni.i Major. ^Vhat Is Its appejinmce In the wlnterl ISVhsf; t ^' 
IK itii distance lVo)n the earth conipute*! to he, ami how is it cnmuared with that of Vf,' '■ 
f't^icr i«riirM? How lonj? wnutil it take a c:nnon-lja)l to pa^ss over thladlsHmoe In w! ^ ~ 
Uir«4 woiM SitunU I'eiich Sirius from tbeourth? 
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It may be thown in the saine miioner, tliat a ny of light, which ocr.upios onty 
R minutes and 13 seconds in coming to as from the sun, which is at the rate of 
nearly two hundred thousand miles a second, would be 3 years and 82 days in 
passing through the vast space that lies between Sirius and the earth. Conse- 

2uently, were it blotted from the heavens, its light would continue visible to aa 
>r a period of 3 years and 82 days after it had ceased to be. 
If the nearett stars give such astonishins results, what shall we say of thoue 
which are situated a tliousand times as &r beyond these, as these are from usi 

In the remote as^es of the world, when every man was his 
own astronomer, the rising and setting of Sirius, or the Dog" 
star, as it is called^ was watched with deep and various so- 
licitude. The ancient Thebans, who first cultivated astro- 
nomy in Eorypt, determined the length of the year by the 
number of its risings. The Egyptians watched its rising 
with mingled apprehensions of nope and fear; as it was 
ominous to them of agricultural prosperity or blightino 
drought. It foretold to them tjie rising of the Nile, which 
they called Siris, and admonished them when to *sow. The 
Romans were accustomed' yearly, to sacrifice a dog to Sirius 
to render him propitious in his influence upon their herds and 
fields. The eastern nations generally believed the rising of 
Siiius would be productive oi great heat on the earth. 

Thus Vizigil :— 

-^ "Turn steriles exurere Sirius agros : 

Ardebant herbas, et victmn seges eegra negabat" 



"Parched was the grass, and blighted was the com : 



Nor 'acape the beasts ; for Sirius, from on high, 
With pestilential heat infects the sicy." 

Accordingly, to that season of the year when Sirius ro^^e 
with the sun and seemed to blend its own influence with the 
heat of that luminary, the ancients gave the name of Dog- 
days, (Dies Caniculares), At that remote period the Dog> 
days commenced on the 4th of August, or four days after the 
summer solstice, and lasted forty days or until the 14th of 
September. At present the Dog-days begin on the 3d of 
July, and continue to the 11th of August, being one day less 
than the ancients reckoned. 

Hence, it is plain that the Dog-days of the modems hare no 
reference whatever to the rising of Sirius, or any other star, 
because the time of their rising is perpetually accelerated by 
the precession of the 'Ci^^uinozes : they have reference then 
only to the summer solstice which never changes its position 
in respect to the seasons. 

rVlwo long i» light in coming from Siriiu to the earth i^Swppose thU star were now to 
«0 blotted from the heavens, how long h^ore iu twinkling would expire ? How was the 
rising of Sirius regarJed in the remote ages of the world l What use was made of it 
by the ancient Thebans? How did the Ej^yptlans re^rd It, and for what reasonl 
what did ft tanmi to them? What did the Romans offer in sacrifice toSirius annualiy 1 
Why^ How was it regarded by the eastern nations generally? What season of the 

Kir dM the ancients call Dog-day 1 When did these begin, and how long did they 
t Y Atpresent, when do they begin and end « Have our Di^-daya vaj zeftfence lo 



\ 
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The ttiiie ofSirius' rising varies with the latitude of the place, and in the vkom 
iHtiiuilc, is tfeuaibly changed alter a course ol years, on account of the prece** 
Bioii at the equinoxes. 'I'his enables us, to determine with approximate accit' 
racy, tlie dates of many events of antiquity, which cannot be well determined 
\tj other records. We do not know, for instance, in what precise period of the 
world Hesiod flourished. Yet he teUs us, in his Cfpera et Dies, Ub. li. v. 185. that 
Arsturus in his time rose heliacall^, 60 days after the winter solstice, wnicli| 
th«n was in the 9th degree of Aquarius, or 39^ beyond its present position. Now 
39'^ *. 50^" —2794 years since tlie time of Hesiod, which corresponos very nearly 
witli history. 

When a star rose at sun-setting, or set at sun-rising, it was called the Achroni' 
€tU rising or setting. When a planet or star appeared above the horizon jual 
before the sun, in the morning, it was called the UeUaccU rising of the star ; and 
when it sunk below the horizon immediately after the sun, in the evening, it was 
eallcd the Heliacal setting. According to Ptolemy, stars of the first magnitude 
are seen rising and setting when the sun is 12^ below the horizon ; stars of the 
2d magnitude require the sun's depression to be 13^ ; slais of the 3d magnitude, 
.4°, and so on, allowing one degree for each magnitude. The rising and setting 
of the stars described in this way, since this mode of description often occurs 
In Hesiod, Virgil, Columella, Ovid. Pliny, &c. are called poetical rising and set 
ting. They served to mark the times of religious ceremonies, the seasons air 
lotted to the several departments of husbandry, and the overflowing c'''^''<»Mile 

The student may be perplexed to understand how the 
Dog-star, which he seldom sees till mid-winter, should be 
associated with the most fervid heat of summer. This is 
explained by considering that this star, in summer, is over 
our heads in the daytime^ and in the lower hemisphere at 
night. As " thick the floor of heaven is inlaid with patines 
of bright gold," by day, as by night ; but on account of the 
superior splendour of the sun, we cannot see them. 

Sirius IS situated nearly S. of Alhena, in the feet of the 
Twins, and about as far S. of the equinoctial as Alhena is 
N. of it. It is about 10° E. of the Hare, and 26° S. of Be- 
telguese in Orion, with which it forms a large equilateral 
triangle. It also forms a similar triangle with Phj|et in the 
Dove, and Naos in the Ship. These two triangles bemg joined 
at their vertei in Sirius, present the figure of an enormous 
X, called by some, the Egyptian X. Sirius is also pointed 
out by the direction of the Three Stars in the belt of Orion. 
Its distance from them is about 23°. It comes to the meri- 
dian at 9 o'clock on the 11th of February. 

Mirzam^ in the foot of the Dog, is. a star of the 2d magni- 
tude, o^o W. of Sirius. A little a'bove, and 4° or 5*^ to the 
left, there are three stars of the 3d ani 4th magnitudes, form* 
ing a triangular figure somewhat resembling a dog's head. 

twhat U meant Jm the Aehrmiad rising ami setting qft?te stars? iw?uU, fry the» 
WeHaeal rising and setting 7 By whom were the terms thus applied, and what wert 
these risings and settings, called 7 What did they serve 7 Explain how It is, that th« 
Dog>8tar. w4ilch is seldom seen till mid-winter, should be associated with the most 
llftivtd heat of summer. Are there as many stars over our head In the daytime as in 
the night? Oeacribe the situation of Sirius. What Is its position with regard to Be- 
felcuese and Pxocyon, and in connexion with them what ngure does it Ibrml With 
what other stars does it form a similar triangle? What Is the appearance of these twt 
Mangles taken together? How else is Sirius pointed out? Describe the posltioa and 
TMItTHthH flf Minanii What stars mark the head of the Dogi 

7 



74 PICTURE OF THE HEAVENS. | MAU 

The brightest of them, on the left, is called Muliphen, It 
entirely disappeared in 1670, and was not seen again for 
more than 20 years. Since that time it has maintained a 
steady lustre. 

Wesen is a star of between the 2d and 3d magnitudes, in 
the back, 11^ S. S. R. of Sirius, with which, and Mirzam in 
the paw, it makes an elongated triangle. The two hinder 
feet are marked by Naos and Lambda, stars of the 3d and 41 h 
magnitudes, situated about 3^ apart, and 12<' directly S. of 
the fore foot. This constellation contains 31 visible stars, 
including one of the 1st magnitude, four of the 2d, and two 
of the 3d ; all of which are easily traced out by the aid of 
the map. 

History.— Maniliufl. a Latin poet who iloiirished in the Angustan age, wrote 
an admirable poem, iii five books, upon the fixed stars in which he thus speaks 
•f this constellation: — 

"All others he excels ; no fairer licht 
Ascends the skies, none sets so clear and bright" 

Rut EuiHMUA best describes it :— 

*' Next shines the Dog with sixty-four distinct ; 
Fam'd for pre-eminence in envied song, 
Tlieme of Homeric and Virgilian lavs : 
His fierce mouth fiames with dreaded Siritu ; 
Three of his stars retire with feeble beams." 

According to some mythologists, this consteflation represents one of Orion i 
hituiids, which was placed in the sky, near this celebrated huntsman. Otiiers 
say it received its name in honour of the dog given by Aurora to Cephalus, 
which surpassed in speed all the animals of his~specles. Cephalus, it is said at- 
tempted to prove this by running him against a fox, which, at that time, was 
thought to be the fleetest of all animals. After they had run toi;ether a long 
time without either of them obtaining the victory, it is said that Jupiter was so 
much gratified at tiie fieetness of the dog that he assigned him a place in the 
heavens. 

But the name and form of this consreUstion are, no doudt, derived from the 
Egyptians, %ho, carefully vratched its rising, and by it judged of the swelling ol 
the Nile, which they called Siris, and, in their hieroglyphical manner of writing, 
since it was as it were the sentinel and watch of the year, represented it under 
the figure of a dog. They observed that when Sirius necame visible in the east, 
just before the mominc dawn, the overflowing of the Nile immediately followed 
Thus it warned them, uke a faithful dog, to escane from the region of the hiun 
dation. 



CHAPTER V. 

PTRECTIONS FOB TRACING THE CONSTELLATIONS WHICH ARE 0^ 

THE MERIDIAN IN MARCH. 

ARGO NAVIS. * 

The ship Argo. — This constellation occupies a large space 
In the southern hemisphere, though but a small part of it can 

Which Is the brightest of these, and what remarkable clTcumsrance in Its history 1 
Row has U aprienrra at nre Its return ? Deflcrilie the situation arKi mngnltuilc of Wcsrn ) 
What siMff* mMfk the hlmlcr fepf* Wh»i is the number of visible stars in Uils c»ui- 
MdlluUcp > Describe the coni^TellHtlon Ar;;o Navis ) 
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he aeeit in the United States. It is situated S. E. of Can is 
Major, and may be known by the stars in the prow and deck 
uf the ship. 

If a straight line joining Betelguese and Sirius, be produ- 
ced 18° to the southeast, it will point out Naos, a star of the 
2d magnitude, in the rowlock of the ship. This star is m 
the S. E. corner of the Egyptian X., and of the large equi- 
lateral triangle made by itself with Sirius and the Dove. 
When on the meridian^ it is seen from this latitude about 8^ 
above the southern horizon. It comes to the meridian on the 
3d of March, about half an hour after Procyon, and continues 
visible but a few hoars. 

Gamma, in the middle of the ship, is a star of the 2d mag- 
nitude, about 7° S. of Naos, and just skims above the south- 
ern horizon for a few minutes, and then sinks beneath it 
The principal stajr in this constellation is called, after one of 
the pilots, Caru^ua; it is of the 1st magnitude^ 36<^ nearly 
S. of Sirius, and comes to the meridian 17 minutes after it ; 
but having about 53° of S. declination, it cannot be seen in 
the United States. The same is true of Miaplacuius, a star 
of the 1st magnitude in the oars of the ship, about 25° E. of 
Canopus, and 61° S. of Alphard, in the heart of Hydra. 

An observer in the northern hemisphere, can see the stars as many decree* 
•outh of the equinoctial in the southern hemisphere, as his own latitude lacks 
01*90^, and no nwre. 

Market, is a star of the 3d magnitude, in the prow of the 
ship, and may be seen from this latitude, 16° S. E. of Sirius, 
and about 10° E. of Wesen, in the back of the Dog. This 
star may be known by its forming a small triangle with two 
others of the same magnitude, situated a little above it, on 
the E., 3° and 4° apart. 

This constellation contains 64 stars, of which, two are of 
the 1st magnitude, four of the 2d, and nine of the 3d. Most 
of these are too low down to be seen in the United States. 

History.— This constellation is intended to perpetuate the memory of th« 
fluDous ship which carried Jason and his 64 companions to Colchis, when the^ 
resolved upon the perilous expedition of recovering the golden fleece. The de^ 
rivation of the word Argo has been often disputed. Some derive it from Ait^a. 
MipposmK that this was the name of the person who first proposed the expedi- 
tion, and ouilt the ship. Others maintain that it was built at Argos, whence its 
name. Cicero calls it Argo, because it carried Grecians, commonly called Ar* 
gives. Diodorus derives the word from , which signifies swijx. Ptolemy 

says, but nat truly, that Hercules built the ship and called it Argo, after a son oi 
Jason, who bore the same name. This ship had fifty oars, and being thus pro> 
petled must have fallen far short of tiie bulk of the smallest thip craft used by 

Where is it situated? Point out the situation of Naos, in the ship? When may it be 
seen In this latitude? When is it on the meridian? Describe the position and magni- 
tude of Gamma. What are the situation and name of the principal star in this ronstel- 
Jation? Why can it not be seen in the United States? is any other conf^iderab.c star 
In the ship similarly situated? Describe Markeb. How may this star be Itnown ? Whaj 
sB the number of visible stars in this constellation? What is the mafir luileof its prin- 
cipal oocst 
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nodemi. ' It !• even sidd that the crew were able to carry it on therr bacict 
Irom the Danube to the Adriatic. 

According to many authors, she had a beam on her prow, cut in the forest uf 
Bondona by Minerva, which had the power of giving oracles lo the Argonauts. 
This ship was the first, it is said, that ever ventured on the sea. After the expe- 
dition was finished, and Jason had returned in triumplL he ordered her to be 
drawn a«bore at the isthoius of Corinth, and consecrated to Nept lue, the god of 
the sea. 

fiir Isaac Newton endeavours to settle the period of this expedition at about 30 
years before the destruction of Troy ; and 43 years aflnr the death of Solomon. 
Dr. Bryant, however, rejects the history of the Argonautic expedition as a mere 
Action of the Greeks, and supposes that this group of stars, which the {loets de* 
nominate Ar^o Navi^L refers to Noah's arlc and the deluge, and that the fable of 
file Argonautic expedition, is founded on certain Egyptian traditions tAat related 
to the preservation of Noah and his family during me flood. 



CANCER. 

The Crab, is now the fifth constellation and fourth sign 
of the Zodiac. It is situated in the ecliptic, between Leo on 
the E. and Gemini on the W. It contains 83 stars, of which, 
one is of the 3d, and seven of the 4th magnitude. Some 
place the first-mentioned star in the same class with the other 
seven, and consider none larger than the 4th magnitude. 

Beta, is a star of the 3d or 4th magnitude, in the south- 
western claWj 10® N. E. of Procyon, and may oe known from 
the fact that it stands alone, or at least has no star of the 
same magnitude near it. It is midway between Procyon and 
Acubens. 

Acdberu, is a star of similar brightness, in the southeastern 
daw, 10® N. E. of Beta, and nearly in a straight line with it 
and Procyon. An imaginary line drawn from Capella through 
Pollux, will point out Acuoens, at the distance of 24® from 
Pollux. It may be otherwise distinguished by its standing 
between two very small stars close by it in the same claw. 

Tegviifie, the last in the back, appears to be a small star, 
of between the 5th and 6th magnitudes, 8^® in a northerly 
direction from Beta.^ It is a treble star, and to be distinctly 
seen, requires very favourable circumstances. Two of thero 
are so near together that it requires a telescopic power of 300 
to separate them. 

About 7° northeasterly from Tegmine, is a nebulous 
cluster of very minute stars, in the crest of Cancer, suffi 
cientlyr luminous to be seen by the naked eye. It is situated 
in a triangular position with regard to the head of the Twins 
and the Little Dog. It is about 20° W. of each. It may 
otherwise be discovered by means of two conspicuous stars 

\What is the relative position of Cnnrer amon;; the sipiis an<» con.«tellatl<»ns of the 
ZndlagI How ts .it situated? What are tho niuHlwr and inajrnJtmle of Jis stars? \v*l,f^r« 
is Beta situated, and how may It r>e known? Wbtch way from Procyon ami A.uU.mi-: 
Describe Acubens. What arc Its dL-^tance nrvX d'rertion from PnUux » How m:i\ it if« 
•UWgylw known? Describe TejrmlMrt. 'V\vcrc is a r^markahle rhister h\ this coi»- 
^**lDn— describe its position. How uiay U otherwise ite .!iscovere»»* 
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ot iiie 4tli magnitude lying one on either side of it, al (he I1l^ 
tauce of about 2°, called the northern and southerti A«cUL 
By some of the Orientalists, this cluster was denominated 
Pr<BfS(^€, the Manger J a contrivance which their fancy fitted 
ap for the accommodation of the AsjeUt or Asses ; and it is 
so called by modern astronomers. The appearance of this 
aebula to tne unassisted eye, is not unlike the nucleus of a 
romet, and it was repeatedly mistaken for the comet of 1S32, 
which, in the month of November, passed in its neighbour- 
hood. 

The southern Asellus, marked Delta, is situated in the 
line of the ecliptic and in connexion witn Wasat and Tejat, 
marks the course of the earth's orbit for a space of 36^ from 
the solstitial colure. 

There are several other double and nebulous stars in this 
constellation, most of which are too small to be seen ; and in- 
deed, the whole constellation is less remarkable for the bril- 
liancy of its stars than any other in the Zodiac. 

The sun arrives at the sign Cancer about the 21st of June, 
but does not reach the constellation until the 23d of July. 

ThV; mean right ascension of Cancer is 128^. It is conse- 
quently on the meridian the 3d of March. 

A few degrees S. of Cancer, and about 17^ E. of Procron, are four stars of tLo 
4th magnitude, 3° or 4<^ apart, which mark the head of Hydra. This coastelk^ 
tion wiU be described on Map lU. 

The beginning of the »ign Cancer (nut the constellation) is called the Tropte 
9f Cancer, and when the sun arrives at this point, it has reached its utmost limit 
of north declination, where it seems to remain stationary a few days, before it 
begins to decline again to the south. This stationary attitude of the sun is caUei) 
Che summer aolatiee ; from two Latin words sienifyln^ the »wn'« standing »UU. 
The distance from the first point of Cancer to the equmoctial, which at present, 
•« 23° 27}', is called the ohUquit^ of the ecliptic. It is a remarkable and well a.s> 
certaineu fact, that this is contmually growing less and less. The tropics are 
slowly and steadily approaching the equmoctial, at the rate of about half a second 
every year; so that the sun ctoes not now come so far nortli of the equator in 
summer, nor decline so far south in winter, as it must have done at the creation, 
by nearly a degree. 

History. — In the Zodiacs of Esne, and Oendera, and In most of the astrological 
remains of Ejrypt) & Scarabaeus, or Beetle, is used as the symbol of this sign ; 
but in Sir William Jones's Oriental Zodiac, and in some others found in India, we 
meet with the figure of a crab. As the Hindoos, in all probability, derived their 
knowledge of the stars from the Chaldeans, it is supposed tliat the figure of the 
crab, io tiiis place, is more ancient than the Beetle. 

In some eastern representations of this sign, two animals, like asses, are found 
in this division of the Zodiac ; and a.** the ChaUlaic name for the ass irtay oe 
translated mtuidineM, it is supposed to allude to the discolouring of he Nile, 
which river was rising when tl\e sun entered Cancer. Tlie Greek's, in copying 
tliis sign, have placed two asses as the appropriate symbol of it, .which still re 



What Is the name of this cluster? What Is its appearance to the naked eye, anJ for 
what has It been mistakeni How is the star called the snutheni A.seiius, situatedi* 
with respect to the ecliptic? What other stars In this eonsteUation? ^t what tbne t 
Joes the sun enter the aisrn Cimcer? lAt wh:it time the consteUationf^Vherei* th§ 




qft/u ecliptic ?ttVhat 
tUlttUt^ ^tfu tropica. 



<w* 
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nuun. Thej explain thr»r renson, however, for adopting this fi^re, hj myiOf 
Uial ihene mv the an in mis it tat assisted Jupiter m his victory over the gianta. 

1)oj>iti8 acco(in;i< for the orjiin of the aeses in Die following words : — l.e Ca*« 
e«r. oil 80IU )es etnilen appellees 1 :h anes, tonne I'liupreinte du pftviUon d* Ut^ 
■achar que Jacob as8iniil«>. H I'ane. 

Myihologistfi give different arcoi nts of the origin of this constellation. Tbt 
prevaiinig opinion is, that while Hercules w^s engaged in his &monB contest 
with the dreadful Lernean monster, Juno, envious of the bme of his achieve- 
ments, sent a sea-crab to bite and annoy the hero's feet, but the crab being somi 
despatched, the goddesa to reward its services, placed it amoof the eonstella- 
tiooa. 

"The Scorpion's claws here clasp a wide exteitt. 
And here the Crab's in lesser ciasps are bent^ 



CHAPTER VI. 

DIRECTIONS POR TRACING THE CONSTELLATIONS WHlCft AHK ON 

THE MERIDIAN IN APRIL. 

LKO. 

The Lkin. — This is one of the most brilliant constellations 
in the wmter hemisphere, and contains an unusual number 
of very bright stars. It is situated next E. of Cancer, and 
directly ^. of Leo Minor and the Great Bear. 

The Hindoo Astronomer. Varaha, says, " Certainly the southern solstice was 
once m the middle of AsUka {Leo) ; the northern in the first degree of Dkan- 
whta" {Aquarius). Since tliat time, the solstitial, as well as the eoninoctial 
points, have gone baclcwards on the ecliptic 76^- Tliis divided by 60}", gives 
6373 years ; which carry us baeic to the year of the world 461. Sir W. Jones, 
says, that Varaha lived when the solstices were in the first degrees of Cancer 
uid Capricorn j or about 400 years before the Christian era. 

Leo is thejifth sign, and the sia:th constellation of the Zo- 
diac. The mean right ascension* of this extensive group is 
150<), or 10 hours. Its centre is therefore on the meridian the 
6th of April. Its western outline, however, comes to the 
meridian on the 18th of March, while its eastern limit does 
not reach it before the 3d of May. 

This constellation contains 95 visible stars, of which two 
are of the 1st magnitude, two of the 2d, six of the 3d, and 
fifteen of the 4th. 

"Two splendid stars of highe.^ dignity. 
Two of the second class the Lion boasts. 
And justly figures the fierce summer's rsge.' 

The principal star in this constellation is of the 1st ma^ 
nitude, situated in the breart of the animal, and named J7e- 
gtUus, from the illustrious Roman consul of that name. 

(VRThat is the general appearance of -the constellation LeoT Where is it situated! 

Mfbat Is the rfla&ive order among the sl^ns and ounsiellations of the Zodiai. i W hat is 
right ascension of Leo, and when is its centre on the meridian? When do the 
'MS of the figure fome to the meridian l What number of visible stars does it con 
<«4 how lane aie the principal ones ) What is the name of tho first star in the 
'Hm. and wMnee is it derived) 
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It is situated almost exactly in .he ecliptic, and may be 
rciidily distinguished on account of its superior Williancy. It 
IS the largest and lowest of a group of &ye cr six bright 
stars which form a figure somewhat resembling a sickle, im 
the neck and shoulder of the Lion. There is a little star of 
the 5th magnitude about 2° S. of it, and one of the 3d mag- 
nitude 5° N. of it, which will serve to point it out. 

Regulus is the brightest star in the constellation, except 
Denebola, in the tail, 25^ E. of it. Great use is made of Re- 
gains by nautical men, for determining their longitude at sea. 
its latitude, or distance from the ecliptic, is less than ^o; but 
its declination, or distanee from the equinoctial is nearly 
13^ N. ; so that its meridian altitude will oe just equal to that 
of the sun on the 19th of Aa^st. Its right ascensioif is very 
nearly 150^. It therefore ciuminates about 9 oc.ock on tlie 
6th of April. 

When Reeulus is on the meridian, Castor and Pollux are seen abont 40^ N. 
W. of it, and the two stars in the LUtle Dog, are about the same distance in a 8 
W. direction ; with which, and the two former, it makes a large isosceles tri- 
angle whose vertex is at Regulus. 

The next considerable star, is 5° N. of Regulus, marked 
Eta^ situated in the collar ; it is of between the 3d and 4th 
magnitudes, and, with Regulus, constitutes the handle of the 
sickle. Those three or four stars of the 3d magnitude, N. and 
W. of Eta, arching round with the neck of the animal, de- 
scribe the blade. 

Al Gieba, is a bright star of the 2d magnitude, situated in 
the shoulder, 4^ in a N. E. direction from Eta, and may be 
easily distinguished by its being the brightest and middle 
one of the three stars lying in a semicircular form, curving 
towards the west ; and it is the first in the blade of the sickle. 

Adhafera^ is a star of the 3d magnitude, situated in the 
neck, 4° N. of Al Gieba^ and mav be known by a very mi- 
nute star just below it. , This is tne second star in the olade 
of the sickle." *^ 

Ras al Asad, situated before the ear, is a star of the 3d or 
4th magnitude, 6° W. of Adhafera, and is the third in the 
blade of the sickle. The next star, Epsilon, of the sjne 
magnitude, situated in the head, is 2^° S. W. of Ras al A iad, 
and a little within the curve of the sickle. About mid v ray 
. ■■ ■■ .... I I. 4, 

Describe the situation of Reeulus. What other stars serve to point it out? W^at is 
Its comparative brlmtnessf what use is made of it in nautical astronomy ? Wh&t are 
Its latitude and declination? On what day will Regulus culminHte at 9 o'clock in the 
evening? When ia it an the meridian, toith tohai etars doee it Jimn a Inrge trumgUt 
and in what direction are they from it? What are the name and posltloi nf the next 
considerable star In its vicinity 7 What stars form the blade of the sickle 7 Where la 
AlGI«ba situated, and how may it be dlstlneidshed? What is the position ^f Adhafexa. 
and how may it be known 1 Describe the situation oMlas al Asad. 
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between these, and a little to the E., is a very small star 
hardly visible to the naked eye. 

Lambda, situated in the mouth, is a star of the 4th magni- 
tude, 3i° S. W. of Epsilon, and tne ^ast in the sickle's point. 
Kappa, situated in the nose, is another star of the same 
magnitude, and about as far from Lambda as Epsilon. Epsilon 
and Kappa are about 5^^ apart, and form the longest side of 
a triangle, whose vertex is m Kappa. 

Zozma, simated in the back or the Lion, is a star of the 
2d magnitude, 18° N. E. of Regius, and midway between 
it and Coma Berenices, a fine cluster of small stars, 18<> N. 
E. of Zozma. * 

TVieta, situated in the^high, is another star of the 3d mag- 
nitude, 5^ directly S. of Zozma, and so nearly on the same 
meridian that it culminates but one minute after it. This star 
makes a right angled triangle with Zozma on the N. and 
Denebola on the E.^ the right an^le being at Theta. 

Nearly in a straight line with Zozma, and Theta, and 
south of them, are three or four smaller stars, 4^^ or 5^ apart, 
which mark one of the legs. • 

Denebola, is a bright star of the 1st magnitude, in the 
brush of the tail, 10^ S. E. of Zozma, and may be distin- 
gjuished by its great brilliancy. It is 5° W. of tne equinoc- 
tial colure, and coines to the meridian 1 hour and 41 minutes 
after Regulus, on the 3d of May ; when its meridian altitude 
is the same as the sun's at 12 o'clock the next day. 

When Denebola is on the meridian, Regulus is seen 25° W. of it, and Fhad, 
tn the square of Ursa Major, bears 39^ N. of it. It forms, with these two, a largo 
right angled triangle : the right angle being at Denebola. It is so nearly on Im 
lame meridian with rhad tluit it culminates only four minutes before it. 

Denebola is 35^^ W. of Arcturus, and about the same dis- 
tance N. W. of Spica Virginis, and forms, with them, a 
large equilateral triangle on the S. E. It also forms with 
Arcturus and Cor Caroli a similar figure, nearly as iarge on 
the N. E. These two triangles, being joined at their base, 
constitute a nerfect geometrical figure of the forms of a Rhom- 
bus : called oy some, the Diamond of Vmoo. 



A line drawn from Denebola through Regulus, and continued 7^ or 8*^ further 
in the same direction, will point out At and Omicron, of the 3d and 4th magni. 
Cudes, situated in the fore claws, and about 3° apart. 



What star is next? Describe the position of Lambda? What are the situation and 
magnitude of Kappa? What is the distance between Epsilon and Kappa? Describe tlio 
poution of Zozma? Wliat are the magnitude and position of Theta? What geometri- 
cal flguie may oe formed with this star, Zozma and Denebola? What stars in this 
nelgUbourhood marlc one of the legs of Leo? Describe Denebola? How fkr is it tram 
tbo eqpiinocUal colure, and when does it come to the meridian ? "When Denebola U on 
'" MNtfiOn, what geometrical figure doee it farm^ in connexion with Reguhu and 
\t WWi what other star is U Aearlj/ on the same meridian ? What is the position 
ibola in T^gainl to Arcturus and Siilca Virginia, and what figure does it form 
tin? With what oUier stars does Denebola fonn a similar figure? What laigv 
itm flgiue is formed by tbase two Hlangles? What stars pomt out those in tht 
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There are a number ol other ttars of the 3d and 4th magnitndes fai thin een- 
steiiaiion, whicti require no descriplion, as tlie scholar will easily trace tlieuioul 
f'roiii tlie Miap. The position of Regulua and Denebola are often referred to ia 
tlie gt'OijrHpiiy of the heavens, as they serve to point out Qther clusters in tha 
siune iicii{libourhood. 

HisToar.— According to Greek fable, this Lion represents the formidable ani 
niai which infested ilie forests of Nemea. It was slain by lierculeS| and placed 
by Jupiter oiiionff the stars in conuiicuioration of the dreailful conflict. 8oma 
writers liHve appued the story of the twelve labours of Hercules to the prosress 
ft{ the sun through the twelve signs of the ecliptic; and as the combat of thai 
criebraied hero with the Lion was his first labour, they have placed Leo as thi 
firnt siffn. The figure of the l<ion wa& however, on the Egyptian charts long 
before ihe invention of the fables of Hercules. It would seem, moreover, ac* 
cording tu the fabte itaelt, that Hercules, who represented the sun, actually sleii 
the JNeuiaean Uon, because Leo was already a zodiacal sign. 

In hierugiypnical writing, the Lion was an emblem of violence and fury ; and 
Ihe representation of this animal iu the Zodiac, signified the intense heat occa* 
eiqned by the sun when it entered tliat part of the ecliptic. The Bgyptians wen 
utuch annoyed by lions during tlie heat of summer, as they at tliat season, left 
the desert, and hunted the banks of the Nile, which nad then reached its greatest 
elevaiiun. It was therefore natural for their astronomers to place the Lion where 
we fiuil him in the zodiac. 

Tlie figure of Leo, very mucli as we now have it, is in all the Indian and Esyn- 
tkui Zoiiiacs. The overlluwing of the Nile, which was regularly and anxiuualj 
expecteii every year by the Egyptians, tuok place when the sun was in this sign, 
i'hey therefore paid more attention to it, it is to be presumed, than to any other. 
This was the principal reason. Mr. Green supposes, why Leo stands first in the 
WKliacs of Dendera. 

The circular zodiac, mentioned in our account of Aries, and which adorned 
the ceiliitg in one of the inner rooms in the famous temple in that city, was 
brought away en masse in 18^1, and removed to Paris. On its arrival at the I<ouvre, 
it was purciiase<l by the king for lijO.OOU francs, and, after being exhibited there 
tor a year, wwe o>aced in one of the halls of the library, wliere it is now to be 
seen in apparently perfect preservation. This most interesting relic of astrology, 
after being cut away from the ruins wliere it was found, is about one foot thick, 
and eight feet sfjuare. The rock of which it is couiposed, ia sandstone. On the 
iace ol this stone, appears a large square, enclosings circle«four feet in diame> 
ter, in which are arranged in an irregular spiral line, tlie zodiacal constellations, 
commencing with the sign Leo. On each side of this spiral line are placed a 
great variety of figures. These are supiiosed to represent other constellations, 
though they bear no analogy, in form, to those which we now have. Many or 
these figures are accompanied with hieroglyphics, which probably express their 
names. The commentator of CluunpoUion, from whom we have derived manj 
Interesting facts in relation to them, lias furnished merely a general history of 
their origm and purpose, but does not add particulars. Copies of these drawings 
and characters, nave been exhibited in this country, and the wonderful conclu- 
sions that have been drawn from them, have excited much astonishment. 

Compared with our present planispheres, or with stellar phenomena, it abounds 
with contradictory and irrelevant matter. So far from proving what was strenu* 
lusly maintained by infidel writers, soon after its discoverj^ that the Grreka 
took from it the model of their zodiac, which they have transmitted to us, it 
<teetn8 to demonstrate directly the reverse. The twelve signs, it is true, are 
there, but they are not in their proper places. Cancer is between Leo and the 
pole ; Virjro bears no proportion to the rest ; some of the signs are placed double ; 
they are all out of the ecliptic, an«l by no means occupy those regular and equal 
portions of space which ^yptian astronomers are said to have exactly measuied 
Ly means ottheir rte^^o. 

The figures, without wliat may be termed the zodiacal circle, could never have 
included the same stars in the heavens which are now circumscribed by th« 
figures rtf the ctmstellations. I'rofessor Green is of opinion, tha the small 
aiVartment in the ruins of Dendera, which was mysteriously relied with this zo- 
diac, was used for tb« purposes of judicial astrology, and that the sculptural 
ii!S>ires upon it were employed in horoscopical predictions, and in that castins of 
nativities for which the Egyptians were so famous. 



UTtjf is the posUUm qfRsfulus and Denebola often rejerred tot 
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In tlte Hebrew Zodiac, Leo Is assiinned to Jodah, on whof^s fitandanl arrnmmj 
m 8il traditions, a Lion is painted. Tisis is clearly intimated in numerous paftti» 

6es of tlte Hebrew writings: Ex. — " Judah is a Lion's whelp: be stoopeth don^a 
e croaclic<h as a Lien ; and as an old Lion ; who shall rouse him up 1" Omi 
xJiz. 9 "The Lion o(the tribe of Judah hath prevailed." Rev. v. 5. 



LEO MINOR. 

The Little Lion. — This constellation was formed b 



Hevelius, out of the StellcB informes, or unformed stars 



the ancients, which lay scattered between the Zodiacal con- 
stellation Leo, on the S. and Ursa Major, on the N. Its mean 
right ascension is the same with that of Regulus, and it 
comes to the meridian at the same time on the 6th of April. 

The modem constellations, or those which have been added to our celeeitiaJ 
maps since the adoption of the Greek notation, in 1603, are referred to by the 
letters of the English alphabet, instead of the Greek. This is the case in regard 
to I^o Minor, and all other constellations whose origin is subsequent to that 
period. 

Leo Minor contains 53 stars, including only one of the 3d 
ma^itude, and 5 of the 4th. The principal star is situated 
in the body of the animal, 13^ N. ot Gamma Leonis,* in a 
straight line with Phad, and may be known by a group of 
smaller stars, a little above it on tne N. W. 

It forms an eqmlateral triangle with Gamma and Delta Leonis, the vertex beins 
In Leo Minor. Tliis star is marked with the letter ^ in modem catalogues, and 
beinjg; the principal representative of the constellation, is itself sometimes called 
the Little Lion • 8° E. of this star (the Little Lion) are two stars of the 4th mag. 
nitude, m the last paw of Ursa Major, and about 10° N. W. of it| are two other 
stars of the 3d magnitude, in the first hind paw. 

"The Smaller Lion now succeeds; a cohort 
pf fifty stars attend his steps ; 
And three, to sight onarm'd, Uivlalble." 



SEXTANS. 

The Sextant, called also Urania's SEXTANT,t is a modem 
constellation that Herelius made out of the unformed stars of 
the ancients, which lay scattered between the Lion, on the 
N., and Hydra; 'on the S. 

It contams 41 very small stars, includmg only one as large 

* LeonU is the eenitive, or possessive case of I.eo, and Gantma LeonU means tba 
Oamma of Leo. Thus also the principal star in Aries Is marked Alpha ArUtU, mean- 
ing the Alpha of Aries, ftc 

T Urania was one of the muses, and daughter of Jupiter and Mnemosyne. She pre- 
sided over astronomy. She was represented as a young vlryrln, dressed In an aziir»> 
floloured robe, crowned with stars, holding a robe In her hands, and having many 
natheciatleal instruments about her. 



What is the orljrln of Leo Minor, and how Is It situated f What Is its mean right as- 

^DSion) When is It on the meridian? What are the number and mafmltude of Its 

1 What Is the position of the principal star In this ronstellatlon, and how may it 

'^'vn 1 Whtttjlgure does itjbrm foith gome other vtarn } What letter repreaent* 

and what tiee U it catted ? What nebttlt^ do we find in tkfe eonetettation 7 

Ihe origin and posiUon of the Sextant? How many ssan does it contain * 
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a:s rne 4th magnitude. This is situated very near tha equi> 
uoctial, 13^ S. of Regulus, and comes to the meridian about 
tiie same time on the 6th of April. The other stars in this 
coDsicllation are too small to engage attention. A few of the 
largest of them may be traced out from the map. 

History. — A sextant, in mathematics, is the sixth part of a circle, or an arci 
comprehending 60 degrees. But tlie tenu is more particularly used to denote 
an astronomical instrument well Icnown to mariners. Its use is the same as that 
Of the quadrant: namely, to measure the ansular distance, and tatte the altitude 
•f the sun, moon, planets, and fixed stars. It is indispensable to the mariner in 
finding the latitude and longitude at sea, and should be in the hands of every 
surveyor and practical en^neer. Ii may serve the purpose of a theodolite, in 
measuring inaccessible heights and distances. It ma^ gratify the young pupil to 
know, that by means of such an instrument, well adjusted, and with a clear eye 
and a steady hand, he could readily tell, within a few hundred yards, how far 
north or south of the equator he was, and that from any quarter of the world, 
known or uu Icnown. This constellation is so called, on accouat of a supposed 
resemblance to this instrument. 



HYDRA AND THE CUP. 

H^DRA, THE Water Serpent, is an extensive constella- 
tion, winding from E. to W. in a serpentine direction, over 
a space of more than 100 degrees in length. It lies south of 
Cancer, Leo, and Virgo, and reaches ali^ost from Canis Mi 
nor to Libra. It contains sixty stars, including one of the 2d 
magnitude, three of the 3d, and twelve of the 4th. 

Alphard, or Cor HydrtB, in the heart, is a lone star of the 
2d magnitude, 23° S. S. W. of Regulus, and comes to the 
meridian at the same time with Lambda, in the point of the 
sickle, about 20 minutes before 9 o'clock on the 1st of April. 
There is no othei considerable star near it, for which it can 
be mistaken. An imaginary line drawn from Gramma Leonis 
through Regulus. will point out Cor Hydrse, at the distance 
of 23°. 

The head of Hydra may be distinguished by means of four 
stars of the 4th magnitude. 2^° and 4° apart, situated 6° S. of 
Acubens, and forming a rhomboidal figure. The three upper 
stars in this cluster, form a small arch^ and may be known by 
two very small stars iust below the middle one, making witn 
it a very small triangle. The three western stars in the head, 
also make a beautiful little triangle. The eastern star in this 
group, marked Zeta, is about 6^ directly S. of Acubens, and 
culminates at the same time. 

When Alphard is on the meridian, Alkes, of the 4th mag* 
nitrjde, situated in the bottom of the Cup, may be seen 24® 

What is the position of the lary^st one? Describe the situation and extent of the 
coiuiettHtlon Hydra. What are the number and magnitude of its stars 7 Describe the 
position anil magnitude of Alphard. What are the distance and direction of Cor H7* 
jrsR firom Gamma Leonis 7 How may the head of Hydra be distin?uishe<l 1 How raajr 
the three umicr starit in this cluster be known? which stars form a beautifUl lUtn 
urianfflel How is Alkes situated, and when may it be seen? 
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B. E. of it, and is distinguished by its forming an equilateral 
tf langie with Beta and Gamma, stars of the same magnitude. 
Tio S. and E. of it. Alkes is common both to Hydra ana 
the Cup. Beta, on the S., is in Hydra, and Gamma, on the 
N. E., is near the middle of the Cup. A line drawn from 
Zozma, through Theta Leonis, and continued 38^^ directly 
S. will reach Beta ; it is therefore on the same meridian, and 
will culminate at the same time on the 2dd of April. 

The Cup itself, called also the Crater, may be easily dis^ 
tinguished by means of six stars of the 4th magnitude, form- 
ing a beautiful crescent, or semicircle, opening to the W. The 
centre of this group is about 15^ below the equinoctial, and 
directly S. of the hinder feet of Leo. The crescent form of 
the stars in the Cup is so striking and well defined, when the 
moon is absent, that no other description is necessary to point 
them out. Its centre comes to the meridian about two hours 
after Alphard, on the same evening ; and consequently\. it 
culminates at 9 o'clock, one month dfter Alphard does. The 
remainder of the stars in this constellation may be easily 
traced by aid of the map. 

When the head of Hydra is on the meridian, its other ex- 
tremity is many degrees below the horizon, so that its whole 
length cannot b& traced out in the heavens until its centre, oi 
the Cup, is on the meridian. 

" Near the equator rolla 

The sparkling Hydra, proudly eminent 



To drink the Galaxy's refulgent sea ; 
Nearly a fourth of the encircling curve 
Which girds the ecliptic^ his vast folds involve : 



Yet ten the number of his stars diflfUsed 
O'er the long track of his enormous spires : 
Chief beams his heart, sure of the second rank, 
But emulous to gain the first." — Eu/doaia. 

History.— The astrologers of the east, in dividing the pelestial nosts into vari- 
ous compartments, assigned a popular and allegorical meaning to each. Thus 
Ae sign Leo, which passes the meridian about midnight, when the sim is in 
Pisces, was called the House of the JJonSy Leo being the domicil of SoL 

The introduction of two seri>ents into the constellations of the ancients, had its 
ori^ it is supposed, ui the circumstances that the polar one represented the 
obU<^ue course of tlje stars, while the Hydra, or Great Snake, in the southern 
hemisphere, svmbolized the moon's course : hence the Noau are called /At 
Dragonfs head and taUy to this day. 

The hydra was a terrible monster, which, according to mythologists, infested 
the neighbourhood of the lake Lema, in the Peloponnesus. It had a hundred 
heads, according to Diodorus ; fifty, according to Simonidesj and nine, accord* 
ing to the more commonly received opinion of ApoUodorus, Hygiuus, and othem 
As soon as one of these heads was cut off, two immediately grew up if the wound 
was pot stopped by fire. 
- ' 

If Alkes be situated in the Cup^ why is U also included in Hydra ? How are the other 
two stars that make a triangle with Alkes, «ltuated? How is Beta situated with respect 
tM> Zozma and Theta Leonis f When is Br ca on the meridian? How xoay the Ciu> be 
tflsUngnlshed] How is the centre of thl4 group situated with inspect to Leo and the 
MmfatpetiaU What single circumstance Is sufficient to designate the stars in the Cup« 
" '» It on Oe meiMtant When the bead of Hydra is on the meridian, when is 
' vtMUity of the cooBteUation? 
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"Art A « 1 rroportlon'd to the hvdra's length, 
Wh*), b^- niw wounds, received augmented strengtli 1 
He FuscO 1 hundred hisaing heads in air, 
When 01 c 1 lopp'd, up sprang a Ureadi'ul p^r." 

Tr destroy th'o dreadfa^ monster, was one of the labours ot Hercuies, and 
ihiB he easily effected wiib tho assistance of lolaus, who applied a' burning iron 
to the wounds as noon as one head was cut off. While Hercules was deMtroyinf 
the hydra, Juno, jeilous ol Lis glory, sent a sea-crab to bite his foot This new 
enemy was «x>n despatched ; i«nd Juno was unable to succeed in her attempts 
lo lessen the fame or Hercules. The conqueror dipped his arrows in the gall of 
he hydra, which ever after rendered the wounds mllicted with tliem incurable 
tnd mortal. 

This fable of the many-headed hjdra may be understood to mean npthing morp 
.han that the marshes of Lema wcro infested with a multitude of serpents, whicjii 
•eemed to multiply as fiut as they w«srj destroyed. 



CHAPTER VIL 

DIRECTIONS FOR TRACINO THE C0NS1 £LLATIONS WHICH ARE Oil 

THE MERIDIAN IN MAT. 

URSA MAJOR. 

The Great Bear. — This great constellation is situated 
between Ursa Minor on the north, and Leo Minor on the 
south. It is one of the most noted and conspicuous in the 
northern hemisphere. It has been an object of universal ob- 
servation in all a^es of the world. The priests of Belus, and 
the Magi of Persia ; the shepherds of Chaldea, and the Phc^ 
nician navigators, seem to have been equally struck with its 
peculiar outlines. And it is somewhat remarkable that a re* 
mote nation of American aborigines, the Iroquois^^ and the 
earliest Arabs of Asia, should have given to the very same 
constellation the name of " Great Bear,'' when there had 
probably never been any communication between them ; and 
when tne name itself is so perfectly arbitrary, there being no 
resemblance whatever to a bear, or to any other animal. 
• It is readily distin^ished from all others by means of a 
remarkable cluster of seven bright stars, forming what is 
familiarly termed the Dwper, or Ladle, In some parts of 
England it is called *' Cnarles's Wain," or wagon, from its 
fancied resemblance to a wagon drawn by three horses in a 
line. Others call it the Plough. The cluster, however, is 
more frequently put for the whole constellation, and called, 
simply, the Great Bear. But we see no reason to reject tha 

/how is Ursa M^r situated? How has It always been regarded? What people 
/faem to have been peculiarly struck with its splendour? what remartcabie clr* 
I eunmtance lespectlns Its name? Is there any resemblance between the outlines of 
J this constellation and the tgun of a bear? By what Is this constellation readily dis- 
l^ingnishedftom all others? By what other names is the Dipper called? WhatlslUs 
\d«ntr mam firequentlr calledt 

8 
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▼ery appropriate appellation of the shepherds, for the resem- 
t)laiice 13 certainly in favour of the Dipper : the four stars in 
the square forming the bowl, and the other three, the handle. 

When the Dipper is on the meridian, above the pole, the 
bottom lies towards us, with the handle on the right. 

Benepias6h is a bright star of the 2d magnitude, and is the 
first in tne handle. The second, or middle star in the handle, 
IS Mi^ar, 7° distant from Benetnasch. It may be known by 
means of a very minute star almost touching it, called Alcor^ 
which appears to be double when seen through a telescopes 
and of a silver white. The third star in the handle is called 
AUtpth^ and is about 4^^ W: of Mizar. Alioth is very nearly 
opposite Shedir in Cassiopeia, and at an equal distance from 
the pole. Benetnasch, Mizar, and Alioth, constitute the han- 
dle, while the next four in the square form the bowl of the 
Dipper. 

Five and a half degrees W. of Alioth is the first star in the 
toj) of the Dipper, at the junction of the handle, called Me^ez; 
it is the smallest and middle one of the cluster, and is used 
in various observations both on sea and land, for important 
purposes.* At the distance of 4^° S. W. of Megrez, is Phad, 
the first star in that part of the bottom, which is next the 
iiandle^^ 

The stars in this cluster are so well knovm, and may be so easily described 
without reference io their relative bearings, that they would rather confuse than 
assist the student, were they given with ever so much accuracy. The several 
bearings for this cluster were talcen when Megrez was on tlie meridian, and will 
not apply at any other time, though their respective distanceir will remain th^ 
■ame. 

At the distance of 8^ W. of Phad, is- the westernmost star 
m the bottom of the Dipper, called Merak, The bright s»^ 
6^ N. of it. towards the pole, is called DvJihe : but these two. 
Merak ana Dubhe, are, by common consent, called the Point- 
era, because they always point towards the pole ; for, let ibe 
line which joins them be continued in the same direction 28^^ 
farther, it will just reach the north pole. 

The names, positions, and relative distances of the stars in 
(his cluster, snould be well reinembered, as they will be fre- 

* When Megrez and Canh have the itame altitude, and are seen in the same boil 
■onta! line east and west, Ihe polar star is then at its greatest elongation ftom the txut 
pole of the heavens ; and this is the proper time for an observer to take its angle of 
elevation, in order to determine the tatittide, and its azhnuth or angle of declination* 
to Older to determine the magnetic variation. 

What, on the whole, is an appropriate appellation for it, and why 7 Describe the po- 
sition of the Dipper when on the meridian. Describe the position of Benetnasch. What 
la the next star in tlie Dipper, arid hiiw may it be Icnown? What is the next, or third 
ffxir in the Dippen What stars form the bowl and handle of the Dipper? Describe the 
BCWiaon and use of Megrez. Whnt ntar la situated next to Meer^z i Descrl've rh*- vo- 
^^tm of Merak and Dubbc. What unc thu-te atai-s CMHcd, siid whr ? 



MAP VI.1 URSA MAJOR, 87 

queufly adverted to. The distance of Dubhe, or tli« Pointer 
learest to the north pole, is 28 J°. The distance between tlie 
two upper stars in the Dipper is 10° ; between the two lower 
ones is 8° : the distance from the brim to the bottom next the 
handle, i& A^° ; between Megrez and Alioth is 6^° ; between 
Alioth and Mizar 4^°, and between Mizar and Benetnasch, 7^ 

The reason why it is important to have these distances clearly settled in the 
mind is, that these stars, being always in view, and more familiar than any other, 
tke student will never fail to have a standard measure before him, which the eye 
•an easily make use of in deter^uning the distances between other stars. 

The position of Megrez in Ursa Major, and of Caph m 
Cassiopeia, is somewhat remarkable. They are both in the 
equinoctial colure, almost exactly opposite each other, and 
equally distant from the pole. Caph is in the colure, which 
passes through the vernal equinox, and Megrez is in that 
which passes through the autumnal equinox. The latter 
passes tne meridian at 9 o'clock, on the 10th of May, and the 
former just six months afterwards, at the same hour, on the 
lOth of November. 

Psij in the left leg of Ursa Major, is a star of the 3d mag^ 
nitude, in a straight line with Megrez and Phad, distant from 
the latter 12^<>. A little out of the same line, 3^ farther, is 
another star of the 3d magnitude, marked Epsrilon, which 
may be distinguished from Psi, from its forming a straight 
.line with the two Pointers, 

The right fore paw, and the two hinder ones, each about 
15° from the other, are several y distinguished by two stargr^ 
of the 4th magnitude, between !«> and 2° apart. Thesfe three'' 
duplicate stars are nearly in a ri^ht line, 20<^ S. of, and in a 
direction nearly parallel with, Phad ana Dubhe, and are the 
only stars in this constellation that ever set in this latitude. 

There are few other stars of equal brightness with those 
Just described, but amidst the more splendid and interesting 
group with which they are clustered, they seldom engage our 
observation. 

The whole number of visible stars in this constellation is 
87 ; of which one is of the 1st, thl'ee are of the 2d, seven of 
the 3d, and about twice as many of the 4th magnitude. 

HnrroRT.— Ubsa. Bluoii is said to be Calisto, or Hellce, daughter of Lycaoi^ 

What is the distance of Dubhe from the north pole ? Mention the relative distances 
between the other stars in this group. Why is it important to have the relative dit- 
Umee» qftheae it*^rafr(jm each other well settled in the mind 7 What is there remark- 
able In the posit« ^ of Megrez. and Caph in Cassiopeia? When do they pass the mo> 
iMbn). Describe te position of Psl. Where l? Cpsilon situated, and how may it be 
distinguished) H\ v are the paws of the Bear aistlnguished? What is the situation 
fif these stars with a fpect to Phad and Dubhe i What are the unly stars in this con- ' 
stellation that ever se in this latitude? What is the whole number of visible stars in 
this constellation, am )w many of each magnitude i 
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kliif n( Arcadia. She 'Mta an atlvndant of Diana,* and mother of Ar«.ri^ I9 1n» 
oiler, viUo placed her ahong^kp^ consteUationa, after ttie jvalouay of ^'i«c : fl 
changed her into a bear. 

**T\iih said, h.er hand within her hair she wound, 

Swang her to earth, and-dragg'd her on the ground; 

Tlie prostrate wretcli^ifts up ner hand in prayer; 

Her arms grow shaggy and cleformM with hair, 

Her nails are aharpen'd into pointed claws, 

Her hands bear half her weight, and turn to pawa ; 

Her lips, that once could teuiiu a go<j^ begin 

To grow distorted in an ugly grin ; 

And lest the supplicating brute might reach 

The ears of lov^ she was deprived of speech. • 

How did she fear to lodge in woods alone, 
And haunt the fields and meadows, once her own ! 
How often would the deep-uiouth'd dogs puisue, 
Whilst from her hounds the fri^iiied hunters flew."— Oruf « Mtt. 
Some suppose that her son Areas, otherwise called Bootes, was changed iiita 
Ursa Minor, or the Little Bear. It is well known, that the ancients represented 
both these constellations under the flguce of a wagon drawn hj a team of horses; 
beuce the appellation of Charles's Wain^ or wagon. This is alluded to in th« 
Phenomena of Aiatus, a Greek jraem, from which St. Paul quotes, in his addrest 
to the Athenians : — 

"The one call'd Helix,t soon as day retirei^ 
Observed with ease, lights up his radiant fires : 

* Diana was the goddess of hunting, and the patroness of modesty and chaaUQr i-* 

" The huntress Dioii, 
Fair, sllver-shafled queen, Ihr ever chastSt 

set at nwght 

The frivolous tK>lt of Cupid ; gods and men 
Fear her stem frown, and she w<is queen 0' th' woods.*'— JK^/on. 
The most fiunous of iier temples was that of Euhesus, near Smyrna, In Asia, whkli 
was one of the seven wonders of the world. It is related in the Acts of the Apostles* 
that " Demetrius, a silversmith, who made silver shrines for Diana,'* endeavoured to 
excite ojiposltion to the Chirtstian Religion, because ** this Paul had persoiHled much 
people that they be no gods which are made with hands," and " that the temple of the 
great goddess Diana should be despised, and her mai nllicence should be destroyed, 
whom all Asia and the world worshlppeth. And whea they heard these sayings they 
were ftill of wrath, and cried out, saying. Great is Diana qfthe Ephesians I Aral thus 
they continued shouting for the sptce of two hours." And again, '* When the town 
derk had appeased the people, he said, Ye men of Ephesus, what man L^ there that 
knoweth not how that the city of the Ephesians Is a wm-iAippeT of the great goddess 
Diana, and of the image which fell down from Jupiter 7" 

The " Imii^e which fell down from Jupiter," doubtless alludes to thelhble that Juno 
cast her out of heaven, and that Neptune, In pity of her desolate condition, raised the 
Island of Delos, (Toin the JEgean sea, for her birth and habitation : for It was in this 
Island that the twins, Apollo and Diana, were bom. Diana Is therefore sometimes 
called Delia, from the name of the isLind that gave her birth. She was represented 
under the figure of a very beautlfUl virgin, in a hunting dress, a head taller than anj 
of her attendant nymphs, with a bow in her hand, a quiver suspended across her 
ehouMers, and her forehead ornamented with a silver crescent " whirh Jews might 
kUs and infidels adore." The inhabitants of Taurica sacrificed upon her altars all ths 
strangers that were shipwrecked upon their coast The Lacedemonians yearhf oflbi^ 
ed her human victims till the age or Lycurgus, who changed thih ^Hrbarous custom oC 
Immolation to flagellation. The Athenians generally of&red her goats, while othsis 
sObied white kids an<? ewes. 1 

. " Haste the sacrifice ; 

' Seven bullocks yet unyoked for Phoebus choose. 

And for Diana, seven unspotted eu ti^— Virgil. _^ 

Who does not bow with grateful veneration at hat Christian Intrepidity of St Paul, 
who risked his life in exposing the delusion and idolatry of the worshippers of ths 

goddess Diana i 

it is a remarkable circumstance, that the temple of Diana was burnt to the grwad 
the very day on which Alexander the great was bora t 

t Callsto was a native of the city of Helice, in Achala, a district near the bi^ of Os* 
Itnth : hence the Greater Bear Is sometimes called Helice :— 
" Night on tiB earth pour'd ilarkness ; on tlie sea, 
Tl» watchnil sailor, to Orion's star 
Ao4 Helice, tura'd heedftal."— Jpe/tontus. 
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The other^ sinmner, anij with feebler beams, 
III a le88 circle drives its lazy teaiDS ; 
But more adapted foi the sailor's guide, 
Wheae'er, by night, he tempts the briay tide.'' 

In the Egyptian planispheres of remote antiquity, these two constellations are 
represented by the figures of bears, instead of wagons ; and the Greeks, who 
derived most of their astronomical symbols from the Egyptians, though they 
usually altered them to emblems of their own history or superstition, have, nev> 
erthclesS} retained the original form of the two bears. It is said by Aratus, that 
the Phemcian iiavigatfltrs made use of Ursa Minor in directing their voyages :— 

** Observing this, Phenicians plough the main:" 

while the Greeks confined their observations to Ursa Major. 

Some imagine that the ancient Effyptians arransed the stars near the north 
poli, within the outlines of a bear, because the polar re^ons are the haunts of 
th's animal, and also because it makes neither extensive journeys nor rapid 
«D«v^hes. 

At what i)eriod men began to sail by the 'stars, or who were the first people 
ibat did so, is not clear ; but the honour is usualljr given to the Phenicians. That 
it was practiced by the Greeks, as early as the time of the Trojan war, that is, 
fibout 1200 years B. C, we learn from Homer: for he says of Ulysses, when 
sailing on his raft, that 

"Placed at the helm he sate, and mark'd the skies, 
Nor closed in sleep his ever watchful eyes." 

It is rational to suppose that the stars were first used as a guide to travellers 
by land, for we can scarcely imagine that men would venture themselves upon 
the sea bv night, before thev had first learned some safe and sure methoa of 
directing their course by land. And we find, according to Diodorus Siculus, that 
travellers in the sandy plains of Arabia were accustomed to direct their course 
by the Bears. 

That people travelled in these vast deserts at night by observing the stars, is 
directly proved bv this passage of the Koran :— " God has given ^ou the stars to 
be giUdes in the ourk. both by land and by sea." 
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Berenice's Hair. — This is a beautiful cluster of small 
stars, situated about 5^ E. of the equinoctial colure, and mid- 
way between Cor Caroli on the northeast, and Denebola on 
the southwest. If a straight line be drawn from Benetnasch 
through Cor Caroli, and produced to Denebola. it will pass 
through it. 

The principal .stars are of between the 4th and 5th magni 
tudes. According to Flamsted, there are thirteen of the 4tK 
maoiitude. and according to others there are seven ; but the 
btuaent will find agreeably to his map, that there is apparently 
but one star in this group, entitled to that rank, and this is 
situated about 7° S. E. of the main cluster. 

Although it is not rasy to mistake this group for any otlier 
i X the same region 'J' the skies, yet the stars, which compose 
it are all so small as to be rarely distinguished in the full pre- 
sence of the moon. The confused lustre of this assemblage 



Describe the appearuice and situation of Coma Berenices. What are the mafmltudes 
or the principal stars In this cluster? What are they, according to Plainstal and 
itheis } How many stars of the 4th magnitude will the studem find on the map } Is It 
to mistake this group, and is it vls&ile in presence of the moon I 

8 
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of small stars somewhat resembles that of the MiDcy-Way . ft 
contains besides the stars already alluded to, a number of 
nebuloB. 

The whole number of stars in this constellation is 43 ; ita 
mean right ascension is 185<'. It consequently is on the me* 
Hdian the 13th of May. 

'* Now behold 

Tlie glittering maze of Berenice* a Hair : 
Fftrtjf the stars ; but such as seem to kits 
The jXowing^ treaaee with a lambent fire : 
Four to the telescope alone are seen." 

History.— Berenice was of royal descent and a lady of grea£ bcatlty, who 
man led Ptolemy Soter, or Evergetes. one or the kings of l^pt, her own bro> 
ther, Tv}ioi»«be loved with much tenderness. When tie was going on a danger* 
oua expedition against the Assyrians, she vowed to dedicate her hair to tho 
goddess of beauty, if he returned in safety. Sometime after the victorious re* 
torn of her husband, Evergetes, tlie locks which agreeably to her oath, she had 
deposited in the temple of Venus disappeared, llie king expressed great re- 
gret at the loss of wiiat he so much prized ; whereupon Conon, h\% astronomer, 
publicly reported that Jupiter had taken away the queen's locks from the temptei 
and placed them among tlie stars. 

*' There Berem'ee's loeke first rose so bright, 
The heavens bespangling with dishevelled light" 

Conon. bemc sent for by the king, pointed out this constellation, saying. 
"There behold the lockj> of the queen." This group being among the unformed 
stars until that time, and not known as a constellation, the king was satisfied wfth 
the declaration of the astronomer, and the queen became reconciled to the par- 
tiality of the gods. 

Callitnachus, an historian and poet who flourished long before the ChrlstliB 
era, has these lines as tmnslated by Tytler :— 

"Immortal Oonon, blest^with skill divine, 
Amid the sacred skies behold me shine ; ^ 

E'en me, the beauteous AotV, that lately shed ^* 
Refulgent beams frou^ Berenice'e head ; " 

The hek she fondly vowed with lifted arms, 
Imploring all the powers to save from harms 
Her dearer lord, when from his bride he flew, 
To wreck stem vengeance on the Assyrian crew." 



CORVUS. 

The Crow. — This small constellation is situated on the 
eastern part of Hydra, 15<^ E. of the Cup, and is on the same 
meridian with Coma Berenices, but as far S. of the equinoc- 
tial as Coma Berenices is N. of it. It thereibre culminates 
at the same time, on the 12th of May. It contains nine visi- 
ble stars, including three of the 3d magnitude and two of the 
4th. 

This constellation is readily distinguished by means of 
three stars of the 3d magnitude and one o^ the 4th, forming a 
trapezium or irregular square, the two upper ones being 
about 3^° apart, and the two lower ones 6° apart. 

What does its lustre resemble? What is the number of utars In this (onsteUatinn, 

Mft whop Is it on the nurldiah 1 Where is the Crow situated * When H U on ti.o loif 

JHHlftf What axe the maxbet and usgnitude of lu stars? flow is it readily distiik 
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^he brightest of the two upper stars, on ,he left, is called 
Algorab, and is situated in the E. wing of the Crow ; it has 
nearly the same declination S. that the Dog-star has, and is 
on the meridian about the 13th of May. It is Sl^^^ E. of 
Alkes in the Cup, 14^° S. W. of Spica Virginis, a brilliant 
star of the 1st magnitude to be described in the next chapter. 

Beta, on the back of Hydra and in the foot of the Crow, is 
a star of the 3d magnitude, nearly 7^ S. of Al^orab. It is the 
brightest of the two lower stars, and on the left. The right- 
hand lower one is a star of the 4th magnitude, situated in the 
neck^ marked Epsilon, about 6^ W. of Beta, and 'may be 
known by a star of the same magnitude situated 2^bdow it, 
in the eye, and called Al Chi^a. Epsilon is 21f ^ S. of the 
vernal equinox, and if a meridian should be drawn from the 
pole through Megrez, and produced to Epsilon Corvi, it would 
mark the equinoctial colure. 

Gamma in the W. wing, is a star of the 3d magnitude, 3^^ 4 
W. of Algorab^ and is the upper righthand one in the square, j^ 
It is but 1*^ E. of the equinoctial colure. 

10° E. of Beta is a star of the 3d magnitude, in the tail of 
Hydra, marked Gamma; these two, with.Algorab, form 
nearly a right angled triangle,' the right angle being at Beta. 

BttTORT.— The Crow, it is said, was once of the purest white, but was chaagad 
for Uie-bearing to its preseiu colour. A fit punishment for such a ftult I 

**The raven once in snowy iriumes was drest, 
White as the whitest dove^s unsullied breast, 
Fair as the guardian* of the capitol, 

/80ft as the Swan ; a laige and lovely fowl ; 
His tongue, his prating tongue, had changed him quite, 
To sooty blactuiess from the purest white." 

According to Greets fitble, the Crow was made a constellation by Apollo. Thia 
god being jealous of Coronis^ (whom he ten<^rly loved,) the daughter of Phie- 
gyas and mother of (Esculapius, sent a crow to watch her behaviour ; the biitl 
perceived her criminal partiality for Ischys the The^ypnan, and immediately 
acquainted Apollo with her conduct, ^hich so fired his ilidignation that hft lo(%ed 
■n arrow in her breast, and Itilled her instantly. 

"The god was wroth ; the aolour left his bole. 
The wreath liis head,1^e narp his hand forsook; 
His silver bow and {enker'A shafts he tooli, 
And lodged an arrow mnie tender breast, 
That had so often to his own been prest." 

Ti> reward the crow, he placed her among the constellations. 

Others say that this constellation tekos its name from the daughter of Coro* 
UKUB, Icing of Phocis, who was transformed into a crow by Mineiva, to resena 
the maid from the pursuit of Neptune. The foUowfeog^rom an eminent Latin 
poet of the Augustine age, is her own account of the^ilaffiorphosis as tranala* 
ted into English verse by Mr. Addison : — 

* For as my arms I lifted to the skies, 
1 saw black feathers from my fingers rise: 

I>eseril)e the position of Algorab. How does Mb declination compare with that at 
Krhis? What are its distance and direction from Alkes and Spica Vii^fnls? De- 
aerfte the Hituatiou of Beta. Describe the Rituatlon of the rlphthand lower star. What 
It Che distance of Epsilon from the vernal equinox, and how may the equinoctial 
""' I ba traced out by It? What are the magnitude ani position of Gamma? Of Betal 
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I Btrore to fling my garment on the ground ; 

My sarment turned to plumes, and prt me roond : 

My hande to beat my naked bosom trv j 

Nor naked bosom now nor hands had I: 

Lightly I tripp'd, nor weary as before 

Bunk m the sand, but skimm'd along the shore; 

Till, rising on my wings, I was preferred 

To be the chaste Bfinerva's Yirgin bird." 



VIRGO. 



The Virgin. — This is the sixth sign, and seventh constel- 
lation in the ecliptic. It is situated next east of Leo, and 
about midway between Coma Berenfi^es on the N. and Cor- 
Yus on the S. ^ It occupies a considerable space in the hea- 
vens, and contains, according to Flamsted, one hundred and 
ten stars, including one of the 1st, six of the 3d. and ten ot 
the 4th magnitudes. Its mean declination is 5^ N., and its 
mean right ascension is 195°. Its centre is therefore on the 
meridian about the 23d of May. 

The sun enters the aign Virgo, on the 23d of August, but does not enter th« 
eonateUation before the 16th of September. When the sun is hi this sign, the 
earth is in Pisces ; and vice versa. 

Spica VirginiSy in the ear of com* which the virgin holds 
m her left hand, is the most brilliant star in this constella- 
tion, and situated nearly 15° E. N. E. of Algorab in the Crow, 
about 35° S. E. of Denebdla, and nearly as far S. S. W. 
of Arcturus — three very brilliant stars of the 1st magnitude 
that form a large equilateral triangle, pointing to the S. Arc- 
turus and Denebola are also the base of a similar triangle on 
the north, terminating in Cor Caroli, which, joined to the 
former, constitutes the Diamond of Virgo, The length of thii 
figure, from Cor Caroli on the north to Spica Virginis on the 
south, is 50°. Its breadth, or shorter diameter, extending from 
Arcturus on the east, to Denebola on the west, is 35^°. Spica 
may otherwise be known by its solitary splendour, there being 
no visible star near it except one of the 4th magnitude, situ* 
ated about 1° below it, on the left. ' 

The position of this star in the heavens, has been deter- 
mined with great exactness for the benefit of navigators. It 

* In the Egyptian Zodiac, liU, whose place ^ras supplied by Virgo, was represented 

with three ears of com in her hand. Accord in;; to the Egyptian mythology, Isls was 

bald to have dropped a shetf of com, as she fled flpom Typnon, who, as he continued 

to pursue her, scattered It over the heaven . The Chinese call the Zodiac the ysUow 

^vadt as resembling a path over which the ripened ears of com are scattered. 



iWhat is ttie relative position of Virgo among the signs and constellations of th« 
Mlptic?/ How Is it situated i How many stars does It contain, and how large are tha 
pnneilNU ones? Wliat are its mean declination and right ascension? When is Jw 
'—) of the consteUatlon on the meridian? Describe tte principal star In Virgo VHiaC 
»4lt^ace and direction of Virgo ftom Algomb, Denebola and Arcturus? Whtt 
'do and ainearance of these three stars, and what fl«ure do they finwf 
beMMrwlse distinguished? Why has Its posttlon been detenkiHfl 
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ifl one of the stars from which the moon's distance is taken 
for determining the longitude at sea. Its situation is highly 
favourable for this purpose, as it Lies within the moon's path, 
and little more than 2^ below the earth's orbit. 

Its ri^ht ascension bein«f 199<', it will come to our meridian 
at 9 o'clock about the 28th of May, in that point of the heay- 
ens where the sun is at noon about the 20^h of October. 

Vif^temiatriSf ta a star of the 3d magnitade, in the right arm, or norttiem wing 
of Virso, and is situated nearly in a stratsht line with, and midway between 
Coma Berenices, and Spica Virginia. It is 194^ S. W. of Arctarus, and about th« 
same distance S. E. of Coma Bereniceii. ana forma with these two a large tri- 
angle, pomflng to the south. It bears also 18^ 8. S. E.'of Denebola, and comei 
to the meridian alxtut 23 minutes before 8pica Vinlnis. 

ZetOf is a star of the 3d magnitude 11^° N. of i^ica, and yerj near the equi* 
noctial. Gamma, situated near the left side, is also a star of the 3d magnitude, 
and very near the equhioctiaL It is 13° due weM of Zeta, with which and Spica 
it forms a handsome triangle. EtUj is a star of the 3d magnitude, in the southern 
wing,'5° W. of Gamma, and but 2^^ E. oi the autumnal equinox. 

Beta, called also SiavijdvOy is a star of the 3d magnitude, in the shoulder of 
the wing, 7^^ W. of Eta, with which and Gamma, it forms a line near the Earth's 
orbit, and parallel to it Beta, Eta, Gamma and Spica, form the lower and longer 
side of a larse spherical triangle whose veneris in Beta. The other stars in this 
figure may Be easiW traced by means of the map. A^ut 13° E. of Spica, there 
are two stars of the 4th magnitude, 3° apart^ which maik the foot of Virgo. 
These twp stars are on nearly the same meridian with Arcturus, and culminate 
nearlv at the same time. The fewer one, martced LamMo, is on the south, and 
but 8° W. of the principal star in Libra. Several other stars of the 3d magni- 
tade lie scattered about in this constellation, and may be traced out by the mi^k. 

''Her lovely tresses glow with starry light ; 
Stars ornament the bracelet on her hand ; 
Her vest in ample fold, glitters with stars : 
Beneath her snowy feet they shine ; her eyes 
Lighten, all glorious, with the heavenlv rays. 
But^r«( the star which crowna the golden sheaf." 

Hiaroar.— The fiunous zodiae of Dendera, as we have already noticed, coni> 
mences with the sign Leo ; but another zodiac, discovered among the ruins at 
Estne, in Egypt, commences with Virgo; and from this circumstance, some 
have ai^ed, that the resular precession of the equinoxes established a date to 
this at least 2000 years older tnan that at Dendera. The discoveries of Cluun* 
pollion, however, render it probable that this ancient relic of astrology at Estne 
was erected dunng the reign of the Emperor Claudius, and consequently did 
not precede the one at Dendera more than fourteen vears. 

Of this, however, we may be certain : the autumnal equinox now corresponds 
wiA the first degree of vir^o ; and, consequently, if we find a zodiac in which 
the summer solstice was placed where the autumnal equinox now », that zodiac 
carries us back 90° on the ecliptic ; this divided by the annual precession 60i", 
must fix the date at about 6430 years ago. This computation, according to we 
chronology of the Sacred writings, carries us back to the earliest ages of th« 
human spei^ies on earth, and proves, at least, that astronomy was among the 
first studies of mankind. The most rational way of accounting for this zodiac, 
■ays Jamieson, is to ascribe it to the fiimily of Noah ; or perhaps to the patriarch 
hiniselli who constructed it for the benefit of those who sliould live after the 
deluge, and wtio preserved it as a monument to perpetuate the actual state of 
the heavens immediately subsequent to the creation. 

Fable represents the ancient Egyptians as believing that the yearly and regu- 
lar Inundauons of the Nile proceeded from the abundant tears which Isis shed 



Why is its situation ^vouiable for tekiiv? the moon's distance 1 When does It iviss 
oar meridian T Dgterthe the gituation t^ VlndmUurix. Detcribe the Jtgttre which U 
Hrrme with other «f«n in the mme neighbourho^ What are it9 diatance and bearing 
^rwn DenO^a? Deeeribe Ztia. Deeaibe GaimnU. Deaerihe the jmUUm qf&a Os> 
erihe the potition qfBtta, What geoMttricdlMure nm^ bejbrmed qfthe ttan In thie 
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fi»r Che loss of Osirii, whom Tynbon had basely murdered. Dy coUoaoiunf 
the simple allegory of the leamea with the nnrthological creed of the viilj^ar, it «» 
historical accowit furnished us respecting uis, becomes perplexed and unia 
telligible. Perhaps with the following key, we may unlock the mystery : — Tb* 
sun in Leo, was adorned as the god Osins ; in Virgo, it was wor«Dippod ^ fala 
sister Isis ; at its passage into Scorpio, the terrible reign of Trphon commenced. 
Columella fixes the transit of the sun into Scorpio, on the 13tn of the calends ot 
November : and this period nearly corresponds with that in which Osiris waa 
ielgned to have been slain by Typhon, and the death of Orion was to have liecn 
occasioned by the sting of a scorpion. When Scorpio begins to rise, Orion setii* 
when Scorpio comes to the meridian, Leo begins to set :— Typhon then reigns 
Osiris is slain, and his sister ibllows him to tlie tuinb weeping. The traditions Sio 
the sign Virgo to Naphtali, whose standard had for its symbol, a tree ** bearing 
goodly branches." 

Thus mythology, in describing the physical state of the world, mvntec a 
symbolical languaxe which personified manimate objects: ana the priests rediv 
ced the whole of their noblest science to fables, which tne people believed as 
true histories representing the tnoral condition of mankind during the first aces 
of civil government 

According to the ancient poeto, this constellation represents the virgin Ab> 
traea, the goddess of justice, who lived upon the earth during the golden age ; 
but being offended at the wickedness and imniety of mankind during the brazen 
and iron ages of the world, she returned to neaven, and was placed among the 
constellations of the zodiaci wiih a pair of scales (Libra) in one hand and • 
sword in the other. 

Heslod, who flourished nearly a thousand years before the birth of our 
Saviour, and later writers, mention four ages of the world : the golden, the 
silver, the brazen, and the iron age. In the beginning of things, say thej, all 
men were happy, and all men were good : the earth brought forth ner truits 
without the labour of man ; and cares, and wants, wars and diseases, were un* 
known. But this happy state of things did not last lone. To the golden age, the 
silver age succeeded ; to the silver, the brazen ; ancf to the brazen, the iron. 
Perpetual spring no longer reigned ; men continually quarrelled with each other: 
rrime succeeded to crime ; and blasphemy and murder stained the history or 
every day. In the golden age, the gods did not disdain to mix fiuniliarly with 
the sons of men. The innocence, the integrity and brotherly love which they 
found among us, were a pleasinc spectacle even to superior natures ; but aa 
aiankind degenerated, one god after another deserted their late beloved haunts ; 
Astnea lingered the last ; but finding the earth steeped in human gore^ she her- 
self flew away to the celesUal regions. 

** Victa jacet pletas ; et vfargo o«de madentes 
Ultima coelestum terras Astrsa reliquit" 

Met Lib. i. v. 149. 

** Faith flees, and piety tai exile mourns ; 
And justice, here oppress'd, to heaven returns." 

Borne, howeven maintain, that Erigone was changed into the consteDttioii 
Viigo. The death of her fiither Icarius. an Athenian, who perished by the 
hands of some- peasants, whom he had intoxicated with wine, caused a fit of 
despair, in which Erigone hung herself; and she was afterwards, as it is sal\ 
placed among the signs of the zodiac. She vras directed by her faithful qsh 
Iters to the place where her father was slain. The first bough on which riM 
hung herself, breaking, she sought a stronger, in order to effect her purpose. 

*'Thu8 once in Marathon's impervious wood, 
Erigone beside her father stood, 
When hastening to dischane her pious vovrs, 
She loos'd the knot, and cuird the stxxinffest boofhs." 

Lbwu's BtatiuSi B. xL 



ASTERION ET CHARA; VEL CANES VENATICI. 

The Greyhounds. — This modem constellatioih embracing 
two in one, was made by Hevelius out of the unformed stars 

"tal la the origin of tlit oooslsllatioa c^ed tiie GvByhoandsl 
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9f the ancients which were scattered between Bootes on the 
east^nd Ursa Major on the west, and between the handle of 
the bipper on the north, and Coma Berenices on the south. 

These Hounds are represented on the celestial sphere as 
being in pursuit of the Great Bear, which Bootes is hunting 
round the pole of heaven, while he holds in his hand the leash 
by which they are fastened together. The northern one is 
called Asterion, and the southern one, Charcu 

The stars in this group are considerably scattered, and are 
principally of the 5th and 6th magnitudes ; of the twenty-five 
stars which it contains, there is but one sufficiently large to 
engage our attention. Cor Caroli, or Charleses Heart so 
named by Sir Charles Scarborough, in memory of Kin^ 
Charles the First, is a star of the 3d magnitude, m the neck 
of Chara the Southern Hound. 

When on the meridian, Cor Caroli is m^' directly S. of Alioth, the third star 
In the handle of the Dipper, and is so nearly on the same meridian that it culmio 
nates only one minute and a half after it. This occurs on the 20th of May. 

A line draWn from Cor Caroli thrDU|[h Alloth will lead to the N. polar star. 
This star may also be readily distinguished by its being in a straight line with, 
and midway between Benetnasch, the first star in the handle of the Dipper, ana 
Coma Berenices : and also by the &ct that when Cor Caroli is on the meridian, 
Denebola bears 28° B. W., and Arcturus 26° S. E. of it, forming with these two 
stars a very large triangle, whose vertex is at the north ; it is also at the north- 
ern extremity of the lax^e Diamond, already described. 

The remaining stars in this constellation are too small, and too mach scattered 
to excite our interest 



CHAPTER VIII. 

DIBECTI0N8 FOR TRACING THE CONSTELLATIONS WHICH ARE Oil 

THE MERIDIAN IN JUNE. 

BOOTES.* 

The Bear-Driyer is represented by the figure of a hunts- 
man in a running posture, o^rasping a club in his right hand, 
and holding up in nis left the leash of his two greyhounds, 
Asterion and Chara, with which he seems to be pursuing ihe 
Great Bep round the pole of the heavens. He is tnence called 
Arctophylaz, or the " Bear-Driver." 

* Pfonoonced Bo-o'-tes. 

How are the Greyhounds represented? By what names are they distinguished) 
Vhat are the magnitudes of the stars which compose this group, and how are they sit- 
uated with respect toeach other? Describe the prlnctual star. Wftenon the meridUm 
what U Ut situaXiornoUh regard to Alloth ? How ia Cor Caroli situated with respect 
to the polar star ? Hote may this star he othertoise readily dtsttnguished ? What btrge 
treometriealAguredoes it form wtih tioo other bright stars in its vicinity ? How is the 
constellation Bootes represented? Why is Bootes called the Bear-Driven 
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Tbis constellation is situated between Corona Boreaiis, on 
the east, and Cor Caroli, or the Greyhounds, oq the west. It 
contains fifty-four stars, including one of the 1st magnitude, 
seven of the 3d, and ten of the 4th. Its mean declination is 
20<^ N., and its mean right ascension is 212<^ ; its centre is 
therefore on the meridian the 9th of June. 

Bootes may be easily distinguished by the position and 
splendour of its principal star, Arcturtts, which shines with a 
reddish lustre, very much resembling that of the planet Mars. 

Arclurua is a star of the 1st magnitude, situated near the 
left knee, 26^ S. £. of Cor Caroli and Coma Berenices, with 
which it forms an elongated triangle, whose vertex is at Arc- 
' turns. It is 35^^ E. of Denebola, and nearly as far N. of 
Spica Virginis, and forms with these two, as has already 
been observed, a large equilateral triang[le. It also makes, 
with Cor Caroli and Denebola, a large triangle whose vertex 
is in Cor Caroli. 

A great variety of geometrical figures may be formed of the stars in this bright 
region of tlie skies. For example ; Cor Caroli on the N., and Spica Virginis in 
the 8., constitute the extreme points of a very large figure in the shape of a dia^ 
mond ; wliile Denebola on the \V. and Arctorus on the E., limit the mean diam* 
eterat.the other points. 

Arcturus is supposed, by some, to be nearer the earth than 
any other star in the northern hemisphere. 

Five or six degrees S. W. of Arcturus are three stars of the 3d and 4th magnl- 
tudes, lying in a curved line, about QP apart, and a little below the left Icnee of 
Bootes ; and about 7° E. of Arcturus are three or four other stars of suuilar ma^ 
nitude, situated in the other leg, making a larger curve N. and S. 

Miracj in the girdle, is a star of the 3d m&cnitude, l(P N. N. E. of^rcturus, 
and about 11° W of Alphacca, a star in the Northern Crovrn. Segmusy in the 
west shoulder, is a star of the 3d magnitude, nearly 20<> E. of Cor Caroli, and 
about the same distance N. of Arcturus, and rorms, with these two, a right an- 
gled triangle, the right angle being at Segifius. The same star forms a right an- 
gled triangle vrith Cot Caroli and Alioth, in Ursa Major, the right angle being at 
Cor CaroU. 

AlkatuhjiBj situated in the top of the club, is a star of the 4th magnitude, about 
lO^^' in an easterly direction from Seginua, which lies hi the left shoulder : and 
mout ^° B. of AUEaturops is another star of the 4th magnitude, in the club near 
the east shoulder, marked pelta. Delta is about 9^ distant from Mirac, and 7^^ 
firom Alphacca, and forms, with these two, a regular triangle. 

Nduear is' a star of the 3d magnitude, situated in the heaid, and is about 6° N. 
E. of Seginus. andS^ W. of Alkaturops ; it forms, with Delta and Seginus, nearly 
a ri^ht angled triangle, the right ancle being at Neickar. 

liiesc are the pnncipal stars in this constellation, except the three stars of 
the 4tli magnitude situated in the right hand. These stars may be known, by 
Iwo of tliem being close together, and about 5® beyond Benetnasch, the first star 

How Is this constellation situated f Howmsny stars does It contain? How large are 
fhe principal ones ? What Is its mean right ascension 7 What Is its mean declination f 
When is Its centre on the meridian 1 How is it easily distinguished (h>m the sur- 
mmdbig constellations t Describe Arcturus: What is its situation with respect to 
Denebola aod Spica Vininls 7 How Is it slUiated with respect to Cor Caroli and Dene- 
bd^? Whai rmmtktm ect^lgwmiUm In ttUa part (^ the sky 1 Wtot Is the distance 
or Arctunisftantbe earth, compaied with that of the other stars In the northera bem- 
Inften? Vnmtmainfivtort^atgruatottthioatfifAretwrMl Whatttarwinthe 
mfk&J DtteriitthettarMirue, DaerOe S^imu. With what other ttandoa 

ILL 
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in rhr hatvllc of the Dipper. About ^° E. of Benetnasch Li another star of tna 
iifi iiiHXitUuile, ciiiiated in tlie arm, which iurma, with Benetbaach and the three 
iu tUe hand, an equilateral triangle. 

The three stars in the left hand of Bootes, the first in the handle of the Dipper 
Cor Carol!, 3ouia Berenices, and Denebola, are all situated nearly in the same 
riglu Vne, running from northeast to southwest 

*' Bootes follows with redundant light; 
Pifty-four stars he boasts ; one guards the Blar, 
Thence caU'd AreturtUy of resplendent front, 
The pride Qi\hB first order: eight are veil'di 
Invisible to the unaided eye." 

A9 1NILIUS thus speaks of this constellation : — 

"And next Bootes comes, whose order'd beams 
Present a fi|[ure driving of his teams. 
Below his girdle, near nis knees, he bears 
The bright Arctunu^ fairest of the stars." 

Arcturus is mentioned hy name in that beautiful passage * 
in Job, aljready referred to, where the Almighty answers " out 
of the whirlwind," and says : — 

"Canst thou the sky's benevolence restrain, 
And cause the Pleiades to shine in vain 1 
Or, when Orion sparkles from his sphere. 
Thaw the cohl seasons and unbind the yearl 
Bid Mazzaroth his station know, 
And teach the bright Arcturua where to glowT" 

xoung*9 Parapknut. 

HuTORT. — ^The ancient Greeks called this constellation Lycaon — a name de> 
rived from M/xoo which signifies a too//*. The Hebrews called it Caleb Anuback, 
the " Barking Dog ;" while the Latins, amonc other names, called it Cams. If 
we go back to the time when Taurus onened the year, and when Virgo was the 
fifth of the zodiacal signs, we shall fina that brilliant star Arcturus, so remarka* 
ble for its red and fiery appearance, corresponding with a period of the year as 
remarkable for its heat. Pythagoras, who introduced the true system of the 
universe into Greece, received it from (Enuphis, a priest of On, in Egvpt Antf 
this college of the priesthood was the noblest of the east, hi cultivating the studies 
of philosophy and astronomy. Among the high honours which Pharaoh confer* 
red on Joseph, he very wiselv gave him in marriage '*a daughter of the priest of 
On." The supposed era of the book of Job, ui which Arcturua is repeatedly 
mentioned, is 1613 B. O. 

Bootes is supposed by some to be learns, the father of Eri^one, who was killed 
by shepherds for intoxicating them. Others maintain that it is Ericthonius, the 
Inventor of chariots. According to Grecian fable, as well as later authorities, 
Bootes was the son of Jupiter and Calisto, and named Areas. Ovid relates, that 
Juno, being incensed at Jupiter for his partiality to Calisto, changed her into a 
bear, and uiat her son Areas, who became a famous hunter, one day ronsed a 
bear in the chase, and not knowing that it was his mother, was about to kill her, 
when Jupiter snatched them both up to heaven and placed tliem among the con- 
fltellationa. Met b. ii. v. 496-60a 

<*But now her son had fiflieen summers told, 
Fierce at the chase, and in the forest bold ; 
When as he beat the woods in quest of prey. 
He chanced to rouse his mother where she laf. 
She knew her son, and kept him in her sight, 
And fondly gazed : the boy was in ^ fright, ^ 

And aim'a a pointed arrow at her breast : 
And would have slaui his mother in the beast ; ^ 

Bat Jove forbad, and snatch'd them through tlie air 
^ In whiilwhids up to heaven, and fix'd 'em there ; 



DmerOethBihruBtaninthet^JumdqfBootea. What start in tM$ nettrJO wf^M* 
Ibnn a ImigUru through <A« luavensJ Vbere U Arcturus mentioned in the 8eitp> 
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Where the ne^ constellations nightly rise, 
And add a lustre m the northern skies." 

Garth's Trantlatwm. 
LuoAMi in his Pharaalicty says, 

''That Brutus, on the busy times intent, 
To virtuous Cato's humble (fwelling went 
'Twas when the solemn dead of night came oOf 
WheA bright CeUisto, with her thining Mfi, 
Now half uiat ciiicle round the pole had run.*' 

This eonstellation is called Bootes, says Cicero, (Nat. Deo. Lib. U. 42.) fiom • 
Oreeic word signifying a wagoner, or ploughman : and sometimes Aret^hffloMt 
from two Greek words signifying oear-keeper or oear^driver. 

"Arctophylaz, vulgo qui dicitur esse Bootes, 
Quod quasi temone adjunctum prae se quatlt Arctnm." 

The stars in this region of the skies seem to have attracted the admiration of 
■Imoflt all the eminent writers of antiquity. Glaudian observes, tliat 

''Bootes with his wain the north unfolds ; 
The southern gate Orion holds." 

And Aratus,* who flourished nearly 800 years before Claudian, S8y% 

"Behind, and seeming to urge on the Bear, 
Arctophylaz, on earth Bootes named. 
Sheds o'er the Arctic car his silver Ught" 



CENTAlfRUS. 
The Cei^taur. — This fabulous monster is represented by 

* This Is the poet whom 6t Paul refers to when he tells the Athenians, Acts xviL 
98, that " some of their own poets have said," " Tov yof mm yvm §o-fx» : For we are 

also his offspring." These wonls are the beginning of the 6th line of the " PhencHne- 
na," of Aratus ; a celebrated Greek poem written In Uie reign of Ptolemy Philadelphuu, 
two thousand one hundred years a^o, and afterwards translated into Latin verse by 
Cicero. Aratus was a ppet of St. Paul's own country. The auostle borrows a^nfh)m 
the same poet, both In his Epistle to the Galattans, and to Titus. The aulgect of the 
poem was grand and interesting : hence we find it referred to m the writings of St 
CSlement, SL Jerome, 8t Chiysostom, (Ecumenius, and others. As this poemclescribes 
the nature and motions of the stars, and the origin of the constellations, and is, more- 
over, one of the oldest compositions extant, u|ion this interesting sulgect, the author 
has taken some nains to procure a Polyglot copy from Germany, together with the^ls- 
tronomieon of Manilius, and some other works of similar antiquity , that nothing should 
be wanting on his part which could impart an interest to the study of the constella* 
tlons, or illustrate the ftequent allusions to them which we meet with in the Scrip* 
tuies. 

Dr. Doddridge says of the above quotation, that " these words are well known to be 
fbuiid in Aratus, a poet of Paul's own countiy, who lived almost 800 years before the 
mMstle's time ; and that the same words, with the alteration of only one letter, are to 
M found in the Bymn of Cleanthes, to Jupiter, the Supreme Qod; which is. beyond 
comparison, the purest and finest piece of natural relifton, of its length, which 1 know 
in the whole world of Pagan antiquity ; and which, so fer as I can recollect, contains 
nothing unworthy of a Christian, or, I had almost said, of an inspired pen. The apos- 
tie might perhaps refer to Cleanthes, as well as to his countryman Aratus." 

Many or the elements and febles of heathen mythology are so blended with the in- 
spired writings, that they must needs be studied, more or Iess« in order to have a mote 
proper understanding of numerous passages both in the Old and New Testament 

The great apostle of the Gentiles, in uttering his hispired sentiments, and in pen- 
ning hii enlstles, often refers to, and sometimes quotes verbatim ficmn the distinguished 
wnteig^w^ preceded htan. 

1 Cor. XT. 88. we have " M« ithsaetb^ * ^Qu^a-n sdir Xf"^ ofUKutt 
Be not deceived ; evil communications corrupt good manners ;" which is a 

; ^^tation by the apostle tnro the Thais of Menander, an inventor of Greek 
_ ly, and a celebrated Athenian poet, who flourished nearly 400 years before the 
tpoitle wrote his epistle to th<? Corinthians. Thus Paul adopts the sentiment of tlie 
eooMdlan, and it becomes bidlowed by " the divinity that stirred within him." Ter* 
ftnan remarks, that " In quoting this, the i^KMitle hath sanetifled the poet's sentiment ' 

iw is the Centaur represented! 
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tjie figure of a man terminating in the body of a horse, hold- 
in? a wolf at arm's length in one hand, while he trans&Les its 
•lody with a spear in the other. 

Although this constellation occupies a large space in the 
southern hemisphere, yet it is so low down that the main 
part of it cannot be seen in our latitude. It is situated south 
of Spica Virginis, with a mean declination of 50°. It con- 
rains thirty -five stars, including two of the' 1st magnitude, one 
of the 2d, and six of the 3d ; the brightest of which are not 
visible in the United States. 

' jlTieta^ is a star of between the 2d and 3d magnitude, in the east shoulder, and 
amy be seen frpiu this latitude during the month of June, being about 27^ S. by 
E. irom Bpica Virpinis, and 12^ or 13*^ above the eoutliern horizon. It is easily 
recognised, in a clear evening, from the circumstance that there is no other star 
of similar itrightness, in tlie same region, for which it can be mistaken. It is so 
nearly on ilie same meridian with Arcturus that it culminates but ten minutes 
before it. 

luta, is a star of between the 4th and 5th magnitude. In the west shoulder, 9(^ 
W. of Theta. It is about 26° aknost da-ectly south of Spica Vix^ginis, and is on 
the meridian nearly at the same time. 

Mu and iVu, are stars of fine 4tn magnitude, in the breast, very near togetheri 
and form a regular triangle with the two stars in the shoulders. 

A few degrees north of the two stars in the shoulders, are four small stars In 
the head. The relative position of the stars in the head and shoulders is very 
similar to that of the stars in the head and shoulders of Orion. 

HisroHY. — Centaurs, in mythology, were a kind of fabulous monsters, half men 
tnd iialf horses. This fable is, however, differently interpreted; some suppose 
tlic CVniaurs to have been a body of shepherds and nerdsmen, rich in cattle, who 
inhabited tlie mountains of Arcadia, and to whom is attributed the inventibn of 
pastoral poetry. But Plutarch and Piiny are of opinion, that such monsters have 
really existed Others say, that under the reign of Ixion, king of Thessaljr, a 
nerd of bullsi ran mad, and ravaged the whole country, rendering the mountains 
inaccessible ; and that some young men, who had found the art of taming and 
mounting horaes, undertook to expel these noxious animals, which they pur- 
sued on norseback, and thence obtained the appellation of Centaurs. 

This success rendering them insolent, they msulted the Lapithe, a people of 
Thessaly ;* and because, when attacked, they fled with great rapidity, it was sup- 
posed that they were half horses and naif men ; men on horses being at that 
period a very uncommon sight, and the two appearing, especially at a distance, 
to constitute but one animal. So the Spanish cavalry at first seemed to the as* 
tonished Mexicans, who imagined the horse and his rider, like the Centaurs ol 
the ancients, to be some monstrous animal of a terrible form. 

The Centaurs, in reality, were a tribe of Lapithse, who resided near Moon 
Pelion, and first invented the art of breaking horses^ as intimated by VixYil* — 

"The LapithaB to chariots add the state 
Of bits and bridles ; taught the steed to bound; 
To turn the ring, and trace the mazy ground; 
To stop, to fiyj the rules of war to know; 
. To sbey the rider, and to dare the foe." 



LUPUS. 

The Wolf. — This constellation is situated next east ol 
•he Centaur, and south of Libra ; and is so low down in the 

What Is the simatlon of this constellation? What are the number and ma<7nittide of 
Its stars T Deaeribe^he situation qf Theta. Hmo ia it eatUy recogrniaed in a dear even- 
ing 7 What is its distance frmn the meridian of Arcturus 7 Describe the star to Mi 
UHia shoulder. Deserve the stars in the breast. Where is the Wolf situated) 
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tf-outhem hemisphere, that only a few stars in the group art 
Visible to us. 

It contains twenty-four stars, includm? three of the 3d mag 
nitude, and as many of the 4th ; the brigiEtcst of which, when 
on the sieridian, may be seen in a clear evening, just aboye 
the southern horizon. Their particular situation, however 
will be better trace^ out by reference to the n?ap than by writ- 
ten directions. 

The most favourable time for observing this constellation, 
IS towards the latter end of June. ^ 

HivroBT.— This consteUatfon, aecordincto fable, is Lycaori, kinj; of Arcadia, 
wlio lived al>out 3,600 years ago, and was changed into a wolf by Jupiter, because 
he offered human victims on the altars of tlie god Pan. Bome attribute th'.s me^ 
amorphosis to another cause. The sins of mankind, as thev relate, had become 
■o enormous, that Jupiter visited the earth to punish its wickedne^^s and impiety. 
He came to Arcadia, where he was announced as a god, and tiie people befcan 
to pay proper adoration to his divinity. Lycaon, however, who used to sacrifice 
all stnuigers to his wanton cruelty, laughed at the pious prayers of his subjecu^ 
and to try the divinity of the god, served up human flesh on his table. Irui inw 
piety 80 offended Jupiter, that he immediately destroyed the house #. Lye%iab 
aod changed him into a wolC 

^ ** Of these he murders one ; Ke boilt the flesh, 

And lays the mangled morsels in a dish ; 
Bome part he roasts ; then serves it up, so dress'<i^ 
~ And bids me welcome to his human feast 
Moved with disdain, the table I o'ertum'd, 
And with avenging flames the palace bum'd. 
The tyrant in a fright for shelter gains 
The neighb'ring fields, and scours along the plaiiui : 
Howling he fled, and rain he would have spoke, 
But human voice his brutal tongue forsook. 
His mantle, now his hide, with rugged hairs, 
Cleaves to his back ; a famish'd nee he bearv ) 
His arms descend, his shoylders sink away 
To multiply his legs for chase of prey ; 
He grows a wolf."— Ovui, Met. B. i. 



LIBRA. 



The Balance. — This is the seventh sign, and eighth con* 
stellation, from the vernal equinox, and is situated in the Zo- 
diac, next east of Virgo. . 

Tlie sun enters this 9ign^ at the autumnal equinox, on the 
23d of September ; but does not reach the conatellation before 
the 27th of October. 

Virgo was the soddess of justice, and Libni, the scales, 
^ which she is usually represented as holding in her left hand, 
are the aj^propriate emblem of lier office. When the sun en- 
ters the sign Libra, the days and nights are equal all over the 

How many stars does ft contain) Under what circumsttmces may the brii^htciit of 

them bo seem How taay the Rtars in this group tie most conveniently tnirc«l otiri 

Whail fs the most flivouiinle time tot observlnf this ccnRtellationi^How Is Liiint^it* 

^^■■MMDff the opnsteilatlont of the Zodiac riAt what seaitori of the year ilm'f the 

^^^■HKlimi ^iriio was Vlxi^o. and wha& was the emblem of her office? iWlutt M 



\ 



I of the days and nights When the sun enters Libra ^ 
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worid, and seem to observe a kind of equilibrium, lixe <*. 
balance. 

When, howeyer, it is said that the vernal and autumna- 
equinoxes are in Aries, and Libra, and the tropics in Cance* 
and Capricorn, it must be remembered that the signs Ariei 
and Libra, Cancer and Capricorn, and not the constellations 
of these names are meant ; for the equinoxes are now in th^ 
constellations Pisces and Vir^o, and the tropics in Gremim 
and Sagittarius ; each constellation having gone forward 
gine sign in the ecliptic. 

About 23 centuries ago. the constellation Libra coincided 
with the sign Libra ; but naving advanced 30^ or more in the 
ecliptic, it is now in the sign Scorpio^ and the constellation 
Scorpio is in the sign Sagittarius, and so on. 

While Aries is now advanced a whole sign above the equi- 
noctial point into north declination, Libra has descended as 
far below it into south declination. 

Libra contains fifty-one stars, including two of the 2d mag- 
nitude, two of the 3d, and twelve of the 4th. Its mean decU- 
nation is S^ south, and its mean ri^ht ascension 226^. Its 
centre is therefore on the meridian ^out the 22d of June. 

It may be known by means of its four principal stars, form- 
ing a quadrilateral figure, lying northeast and southwest, and 
having its Upper and lower comers nearly in a line running 
north and south. The two stars which form the N. E. side of 
the square, are situated about 7° a])art, and distinguish the 
Northern Scale. The two stars which form the S. W. side 
of tlie square, are situated about 6^ apart, and distinguish the 
Southern Scale. 

Zub'enSichan^y in the Southern Scale, about 2P E. of Spica, and 8^ E. of 
LaiDDda Virglnis, is a star of the 2d magnitude, and is situated very near the 
ecliptib, about 42^° E. of the autmimal equinox. The distance. from this star 
down to Theta Centauri, is about 23^, with which, and Spica Virginia, it forms a 
lai^e triangle, on the right. 

Zi^^ne^endiM, the uppermost star in the Northern Scale, is also of the 2d 
magnitude, 9j^° above Zubeneschaniali, towards the northeast, and it comes to 
the meridian about twenty-six minutes after it, on the 23d of Jime. Zubenelge- 
niabi is the northernmost of the four bright stars in this figure, and is exactly 
opposite the lower one, which is 11<^ south of it 

ZftherthcJ^abi^ is a star of the 3d magnitude in the Northern Scale, 7^ S. E. of 
Zu benelgemabi, and nearly opposite to Zubeneschamali, at the distance of l\9 
on the east. These two make the diagonal of the square east and west. 

Tota^ is a star of the 3d magnitude, and constitutes the southernmost comer of 

— ■ ■ - ' . • m ' II I I ■■ 

/^When U Is said that the vernal and autumnal equinoxes are in Aries and Libra, and 

Aiie tropics in Cancer aftd Canricom, what U meant? In what consiellatfons, then, are 

Vfhe equinoxes and the tropicnituatec(]^ Wiien did the coruteUatton of Libra coincide 

with the nign of thatnainel^n what sign is the constellation Libra now situated I 

What are the number and magnitude of the stars in Libra i What are its rl^ht ascen- 

sS^n and declination? When is Its centre on the meridian? Row may this constella 

8m be known? What figure do the three iipper stars in this (Igute form? What 8tar» 
Stinjrulsh the Northern Scale 7 What the Southern ? D^cribe Zubeneschamali. Wtih 
what other stars does U forma large triangle f Describsthe prineifol star in tV 
I&mhem Seale, Daseribe the position qf ZttbenhOkrabi. Describe ihe vonffon qflota, 

9* 
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the square. It Is about 6^ S. E. of ZubenesehaiQall, and IP B. o< Znbenek*- 
ibabi. with which it forms the other diagonal north and south. 

Zv»*yuil>iwi^ is a star of the 3d aiagnitude, situated below the Southern dca^ 
at the distance of 6° from lota, and marlcs the touthem limit of the Zodiac. It is 
situated in a right line with, and nearly midway between, Bpica Virginis and Bets 
Scorpionis ; and comes to the meridian ne^ly at the same moment witli Nelikar, 
m the head of Bootes. 

The remaininjg stars in this constellation are too small to engage attention. 

The scholar, in tracing out this constellation in the heavens, mtiU perceive t'nsit 
Lambda and Mu, which lie in the feet of Virgo on the west, form, with Zubenes* 
chamali and Zubenelgemabi, almost as handsome and perfect a figure, as tb« 
other two stars in the Balance do on the east 

History.— The Libra of the Zodiac, says Maurice, m his Indian Antiquities, >a 
perpetually seen upon all the hieroglyphics of Egypt: which is at once an Brka^ 
ment of the sreat antiquity of this sBterism, and or the probability of its havmg 
been originally fabricated by the astronomical sons of Misraim. In some few 
zodiacs, Astriea, or the virgin who holds the balance in her hand as an emblem 
of equal justice, is not drawn. Such are the zodiacs of Estne and Dendera. 
Humboldt is of opinion, that although the Romans introduced this constellalion 
into their zodiac m the reign of Julius Cesar, still it might have been used by the 
Egyi)tians and other nations of very remote antiquity 

u is generaUy supposed that the figure of the balance has been' used by all 
nations to denote the equality of the days and nights, at the period of the sun's 
irriving at this sign, it has also been observe^ that at this season there is a 
greater uniformity in the temperature of the air all over the earth's surface. 

Others affirm, that the beam only of the balance was at first placed among the 
stars, and that the Egyptians thus honoured it as their Nilometer^ or instrument 
by which they measured the inundations of the Nile. To this custom of measur- 
ing the waters of the Nile, it is thought the prophet alludes, when he describes 
the Almighty as tnetiauring the tvaters in the hoUow of his hand. — Isa. xl. 12. 

The ancient husbandmen, according to Virgil, were wont to regard this sigm 
as indicating the proper time for sowing their winter grain:— 

"But when Astraea's balance, hung on high, 
Betwixt the nights and days divides the sky. 
Then voice your oxen, sow your winter grain, 
"mi cold December comes with driving rain." 

The Greeks declare that the balance was placed among the stars to perpetuate 
(he memory of Mochus, the inventor of weiglits and measures. 

Those who refer the constellations of the Zodiac to the twelve tribes of Israe^ 
ascribe the Balance to Asher. 



SERPENS. 

The Serpent. — There are no less than four kinds of ser 
pents placed among the constellations. The first is the Hydra, 
which is situated south of the Zodiac^ below Cancer, Leo and 
Virgo ; the second is Hydrus, which is situated near the south 
poie ; the third is Draco, which is situated about the north 
pole ; and the fourth is the Serpent, called Serpens Qf)hiuchl, 
and is situated chiefly between Libra and Corona Borealis. 
A large part of this constellation, however, is so blended with 
Ophiiichus, the Serpent-Bearer, who grasps it in both hands^ 
tnat the concluding description of it will be deferred until we 

come to that constellation. 

« 

**The Serpens Ophiuchi winds his spire 
Immense ; fewer by ten his figure trace ; ■ 



What vUar in thU eonttenation matkt the touthem Umit qf^the Zodiac 7 MIow mao» 
Ktads of seipents Itave ncen placeil among the constellations AMeiitfon them and then 
With whia Is a laise part of tlUs constellation blendedt 
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One of the socotid nusk ; ten shun the sight ; 
And seven, he who bears the monster hides." 

Those Stars which lie scattered along for about 25^, in a 
serpentine direction between Libra and the Crown, mark the 
jokiy and head of the Serpent. 

About 10^ directly S. of the Crown there are three stars of 
the 3d mac^itude, which, with several smaller ones, distin- 
guish the head. 

Vnvk, of the 2d magnitude, is the pnncipal star in this con- 
stellation. It is situated in the heart, about 10<3 below those 
in the head, and may be known by its being in a L ne with, 
and between, two stars of the 3d magnitude — the lower one, 
marked Epsilon, being 2^°, and the upper one, marked Delta, 
about 5J<^ from it. The direction of this Ime is N. N. W. ana 
S. S. E. Unuk may otherwise be known by means of a small 
star, just above it, marked Lambda. 

In that part of the Serpent which lies between Corona Bo- 
realis and the Scales, about a dozen stars may be counted,- of 
which five or six are conspicuous. 

For the remainder of this constellation, the student is refer- 
red to Serpentarius. 

"Vast as the starry Serpent, that on high 
Tracks the clear ether, and divides the sky. 
And southward winding from the Northern Wain. 
Bhoots to remoter spheres its glittering train." — Statiua. 

If iSTomr.— The Hivites, of the Old Testament, were worshippers of the Ser> 
pent, and were called Ophites. The idolatry of these Ophites was extremely 
ancient, and was connected with Tsahaiam, or the worship of the host of heaven. 
Tlie heresy of the Ophites, mentioned by Mosheim in his Ecclesiastical History, 
orieinated, perhaps, m the admission into the Christian church of some remnant 
of the ancient and popular sect of Tsabaists, who adored the celestial Serpent 

According to ancient tradition, Ophiuchus is tlie celebrated physician /Escu- 
laniusi son of Apollo, who was instructed in the healing art by Chiron the Cen* 
taur ; and the serpent, which is here placed in his hands, is imderstood by some 
to be an emblem of his sagacity and prudence ; while others suppose it was 
designed to denote his skill in healing the bite of this reptile. Biolical critics 
imagine that this constellation is alluded to in the following passage of the book 
of .^b :— 

" By his spirit He hath garnished the heavens ; his hand hath formed the 
erooked serpent." Mr. Green supposes, however, that the inspired writer here 
refers to Draco, because it is a more obvious constellation, being nearer the pole 
where the constellations were more universally noticed ; and moreover, because 
ft (8 a more ancient constellation than the Serpent, and the hieroglyphic by which 
Che Egyptians usually represented the heavens. 



CORONA BOREALIS. 

The Northern Crown. — This beautiful constellation niay 
be easily known by means of its six principal stars, which 
are so placed as to form a circular figure, very much resem- 

^Sfmtstars mark the head ana bwly of the Serpent? Descrihe the nrincliJHl star in 
^K consteUatfon. How may it be known ? What stars dlRtlngulsh the he.hl ? How 
^Bany stars maybe countedin that part of the constellation which lies between Corone 
Boieaiis an"! the Scales) How may Corona Borealis be e&.slly known) 
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bling a wreath or crown. It is situated directly north of the 
Serpent's head, between'Bootes on the west and Hercules on 
the east. 

This aslerism was knoMm to the Hebrews by the name of Atarothf and hj thift 
name the stars in Corona Borealis are called, in the East, to this day. 

Alphacca, of the 3d magnitude, is the brightest and middle 
star in the diadem, and about 11^ E. of Mirac, in Bootes. It 
is very readily distinguished from the others both on account 
of its position and superior brilliancy. Alphacca, Arcturus, 
and Ses^inus. form nearly an isosceles triangle, the vertex of 
which IS at Arcturus. 

This constellation contains twenty-one stars, of which 
only six or eight are conspicuous ; ana most of these are not 
larger than the 3d magnitude. Its mean declination is 30^ 
north, and its mean right ascension 235^ ; its ceAtre is 
therefore on the meridian about the last of June, and the first 
of July. * 

"And, near to Helice, effulgent rays 
Beam, Ariadne, from thy starry crown : 
Jkoeniy and one her stars ; but eight alone 
Conspicuous ; one doubtful, or to claim 
The second order, or accept the tliird." 

Bistort. — ^This beautiful little cluster of stars is said to be in commemoration 
of a crown presented by Bacchus to Ariadne, the daughter of Minos, second king 
of Crete. Theseus, king of Atliens, (1235 B. C.,) was shut up in the celebrated 
labyrinth of Crete, to be devoured by the ferocious Minotaur which was con* 
fined in that place, and which usually fed upon the chosen young men and . 
maidens exacted from the Athenians as a yearly tribute to the tyranny of Minos . 
but Theseus slew the monster, and being furnished with a clue of thread by 
Ariadne, who was passionately enamoured of him, he extricated himself from 
the difficult windings ol'his confinement 

He afterwards married the beautiful Ariadne, according to promise, and car< 
ried her away ; but when he arrived at the island of Naxos, he deserted her, 
notwithstanding he had received from her the most honourable evidence of a^ 
tachment and endearing tenderness. Ariadne was so disconsolate upon being 
abandoned by Theseus, that, as some say, she hanged herself; but Plutarca 
«ays that she lived many years after, and was espoused to Bacchus, who loved 
oer with much tenderness^ and gave her a crown of seven stars, which, aftei 
ber death, waa placed among the stars. 

** Resolves, for this the dear cngagiM damo 
Should shine forever in the rolls of fame ; 
And bids her crown among the stars be placed, 
And with an eternal constellation grac'd. 
The golden circlet mounts ; and, as it flies, 
Its diamonds twinkle in the distant skies ; 
There, in their pristine form, tlie gemmy rays 
Between Alctdes and the Dragon blaze.'' 

Kanilius, in the first book of his Aatronomieonj thus speaks of the Crown. 

" Nrar to Bootes the bright crown is view'd 
Am i shines with stars of difTerent magnitude : ^ 



Where Is it situated? Describe the principal star in the proup. What geomei 
teute Is fotmed by the stars in this neighboiirhoodi ■ What urc the number vnA ^ 
Bltade of the stars in this jonstellatinn 7 Wliat are Its mean declination and right 
^ J Vhen is it on car meridian » 
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Or placed la firont aoove the reit disfriayi 
A Tigorous licht, and darts aurpriainc rays. 
This shon«>, nnce Tiieseufi first his with betraj'd 
The moDr imant of the forsaken maid." 



URSA MINOR. 

Tbe Little Bear. — This constellation, thoiu^h not re- 
markable in its appearance, and containing but few conspi- 
cuous stars, IS, nevertheless, Justly distinguisned from alV 
others for the peculiar advantages which its position in the 
neavens is well known to afford to nautical astronomy, and 
especially to navigation and surveying. 

The stars in this group being situated near the celestia. 
pole, appear to revolve aoout it. very slowly, and in circles 
so small as never to descend below the horizon. 

In all ages of the world, this constellation has been more 
universally .observed, and more carefully noticed than any 
other, on account of the importance whicn mankind early at- 
tached to the position of its principal star. 

This star which is so near the true pole of the heavens, 
has, from time immemorial, been denominated the Nortb 
Polar Star. By the Greeks it is called Cy^uotp-t ; by the 
Romans, Cyffbonmra^ and by other nations, Afnu^apah, 

It is of the 3d magnitude, or between the 2d and 3d, and 
situated a little more than a degree and a half from the true 
pole of the heavens, on that side of it which is towards' Cassi- 
opeia, and opposite to Ursa Major. Its position is pointed 
out by the direction of the two Pointers^ Merak and Dubhe, 
whicn lie in the square of Ursa Major. A line joining Beta 
Cassiopeiae, which lies at the distance of 32° on one side, and 
Megrez, which lies at the same distance on the other, will 
pass through the polar star. 

So general is the popular notion, that the North Polar Star 
is the true pole of the world, that even surveyors and 
navigators, wno have acquired considerable dexterity in the 
use of the compass and the quadrant, are not aware that it 
ever had any deviation, and consequently never make allow- 
ance for any. All calculations derived from the observed posl- 
i ion of this star, which are founded upon the idea that its 
bearing is always due north of any place, are necessarily er- 
roneous, since it is in this position only twice in twenty-four 
hours ; once when above, and once when below the pole. 

Vw^hat renders Ursa Minor an important constellationlVVhat Is its situation with 

set to the North Pole, and how do its stars appear to revolve around this pnl-} 

has tl)i8 rx)nsteIIation been more universally observed, in ail a^es of the worM 

any othei 7 VWThat is thti star denominated 1 UVhat are ItM magnitude ami }K>>^i- 

. viov is its position pointed dUflHow is it situated with respect to Mc;.:re& 

Beta Cassiopeis? i Is it generally considered to be tbe north pole of the heaventi 7 

ealcuIaticMU founded upon this notion correct) 
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According to the Nautical Almanac, the mean distance o* 
this star from the true pole of the heavens, for the. year 1832 
is 1° 34' 63", and its mean right ascenaion is 1 hour and 19 




63'' above the true pole. Six hours after, when the right as- 
c3nsion of the meridian is 7 hours and 19 seconds, the star 
will be at its greatest elongatioh, or 1° 34' 53" directly west 
of the true pole, and parallel to it, with respect to the horizon ; 
and when the right ascension of the meridian is 13 hours and 
19 seconds, the star will be again on the meridian, but at the 
distance or 1° 34' 53" directly below the pole. 

In like manner, when the right ascension of the meridan is 
19 hours and 19 seconds, the star will be at its greatest east- 
ern elongation, or 1° 34' 53" east of the true pole ; and when 
it has finished its revolution, and the right ascension of the 
meridian is 25 hours and 19 seconds, or, what is the same 
tiling, 1 hour and 19 seconds, the star will now be on the 
meridian again, 1° 34' 53" above the pole. 

N. B. The right ascension of Ihc meridian or of the mid-heaven, is the dis- 
tance of U.e first point of Aries from tiie meridian, at the time and |hacc of ob- 
servation. Tlie riglit ascension of the meridian for any time, is founil, by addiof 
to the given time the sun's right ascension at the sauie time, and deducting 21 
hours, when the sum exceeds 24 hours. 

From the foregoing facts we learn, that from the time the 
star is on the meridian, above the pole, it deviates farther and 
farther from the true meridian, every hour, as it moves to the 
west, for the space of six hours, when it arrives at its greatest 
elongation west, whence it reapproaches the same meridian 
below the pde, during.the next six hours, and is then again 
on the mendian ; being thus alternately half the time west 
of the meridian, and half the time east of it. 

Hence, it is evident that the surveyor, who regulates iis 
compass by the North Polar Star, must take his observation 
when the star is on the meridian, either above or below the 
pole, or make allowance for its altered position in pvery other 
situation. For the same reason must the navigator, who ap- 
plies his quadrant to this star for the putpose of determining 
the latitude he is in, make a similar allowance, according as 
its altitude is greater or less than the true pole of the h?%- 



Wh^t Is the present distance of this star from the true pole of the heavens? What is 
Its mean right ascension? When is it on the meridian, and what then is lis bearing ' 
flrom the |ioie. What is Its situation six hours afterwards 1 What is Its situation •fat 
hoars after that? What is Its situation when in Its third quadrant ? Wfuu do you «» 
dentand ky the tight tueensUm qf the meridian, or ofifujmid-heaven ? H%no do K M 
Jlnd the right tucennion of the mid-heaven? Sin what manner does the nqrth 8tArd|r 
^ tma the meridian durlne one lovolution 7 %Hovf do these fUcts concera thtt miP 
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vens ; for we have seen that it is alternately half the time 
zlMtve and half the time below the pole. 

The method of finfling the latitude of a place from the alti- 
lude of the polar star, as it i^ very simple, is very often re- 
sorted to. Indeed, in northern latitudes, the situation of thifi 
star is more favourable for this purpose than that of any other 
of the heavenly bodies, because a single observation, taken at 
any hour of the night, with a good instrument, will give the 
trje latitude, without any calculation or correction, except 
that of its polar aberration. 

If the polar star always occupied that point in the heavens which is directly 
opposite the north pole 9f the earth, it would be easy to understand how hititude 
could be determined from it in the northern hemisphere ; for in this case, to a 
person on the equator, the pdles of the world wouid be seen in the horizon. 

- Consequently, the star would appear just visible in the northern horizon, with 
9ut any elevation. Should the person now travel one degree towards the north, 

t he would see one detrree below the star, and he would think it had risen oam 
degree. 

' And since we always see the whole of the upper hemisphere at one view, 
when there is nothing in the horizon to obstruct our vision, it follows thai if we- 
should travel l(P north of the' equator, we should see just 10*^ below the pole, 

*• which would then appear to have risen IQ'^ ; and should we stop at the 42d de- 

Sree of north latitude we should, in like manner, have our horizon Just 42^ below 
le pole, or the pole would appear to have an elevation of 42°. Whence we de- 
rive this i^eneral truth : The Aeration of the pole of the equator^ is always equai 
to the tattlude of the place of observation. 

Any instrument, then, wliich will give us the altitude of the north pole, will 
give us also the latitude of the place. 

The method of illustrating tliis plienomenon, as given in most treatises on the 
globe, and as adopted bv teachers generally, is to tell the scholar that the north 
pole rises higher and higher, as he travels farther and farthctr towards it In 
other words, whatever number of decrees he advances towards the north pole, 
so many degrees will it rise above his horizon. This is not only an obvious errour 
in principle, but it misleads the apprehension of the pupil. It is not that the poU 
18 elevated, but that our horizon is depressed as we advance towards the north. 
The same objection lies against the artificial globe; for it ought to be so fixed 
that the horizon might be raised or depressed, and tlie pole remain in its own 
invariable position. 

Ursa Minor contains twenty-four stars, including three of 
the 3d magnitude and four of the 4th. The seven principal 
stars are so situated as to form a figure very much resembling 
that in the Great Bear, only that the Dipper is reversed, ana 
about one half as large as tne one in that constellation. 

The first star in the handle, called CypjoauYa^ or Alrutcor 
bah, is the polar staj^around which the rest constantly re- 
volve. The two last m the bowl of the Dipper, corresponding' 
to the Pointers in the Great Bear, are of the 3d magnit ade^ 

Why Is the method of finding the latitude by the polar star, often resorted tof Why 
In the position of this star fovourable to this pucposef tft?ie north star peffeeUy eo- 
ineided with the north poU of the hetmens., where tootOdU be seen firom me equator f 
ahotMa person travel one degree north ^the equator, tehere womd the star ofpear 
then? Suppose he should travel 10 degreet north qf tike equator? Suppose he toerete 
at the *2d degree qfnorth latitude 7 What general truth results from these Juctsf 
t, then, is oil we tgttnt. tafind the latitude ^any place? Qfwhat advantage to a 
_^ ner, is an instrument which will give the altitude tfthe pofe? What are the 
tnmiber :»nd magnitude of the stars, contalnerl in Ursa Minor? What flmire do thf 
Mviea principul stars fonn? Des'-Tibe riie first la th« handle of the Little Dipper. n« 
•eifbe the two last in the bo'Ai of tho Dioiicr 
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and situated about 15^ from the pole. The brightest of thein 
b called Kochab, which signifies an axle or hmge, probably 
in reference to its moving so near the axis of the earth. 

Kofbhab may be easily known by its being the brightest 
and middle o;ie of three conspicuous stars forming a row, oiie 
of which is about 2°, and the other 3^, from Kochab. The 
two brightest of these are situated in the breast and shoulder 
of the animal, about 3^ apart, and are called the Guards or 
Pointers of Ursa Minor. They are on the meridian about the 
20th of June, but may be seen at all hours of the night, when 
the sky is clear. 

Of the four stars which form the bowl of the Dipper, one 
is so small as hardly to be seen. They lie in a direction to- 
wards Gamma in Cepheus; but as they are continually 
changing their position in the heavens, tney may be mucn 
better traced out from the map, than from description. 

Kochab is aoout 25<^ distant from Benetnasch, dnd about 
24^ from Dubhe, and hence forms with them a very nearly 
equilateral triangle. 

"The Lesser Bear 

Leads from the pole the lucid band : the stars 
Which form this constellation, fointlr shine, 
Twice twelve in number ; only one Deams forth 
Conspicuous in high splendour, named by Greece 
The Cynosure ; by us the Polar Star." 

HurroBY.— The prevailing opinion is, that Ursa Major and Ursa Minor are th« 
nymph Calisto and her son Areas, and that they were transformed into bears 
by the enraged and imperious Jmio, and allerwards translated to heaven by tlie 
favour of Jupiter, lest they might be destroyed bv the huntsmen. 

The Chinese claim that the emperor Ilong-ti, the grandson of Noali, fiist di»> 
covered the Dolar star, and applied it to purposes of navigation. It is certain tliat 
It was used ror this purpose m a very remote period of antiquity. From various 
passages in the ancients, i( is manifest that the Phoeniciaos steered bv Cynoaunt, 
or the l/osser Bear ; whereas the mariners of Greece, and some other nationi^ 
steered by the Greater Bear, called Helice, or Helix. 

Lucan, a Latin poet, who flourished about the time of the birth of our 8aviou^ 
ttKu adverts to the practice of steering vessels by Cynosura: — 

"Unstable Tyre now Knit to firmer ground, 
With Sidon for her purple shells renown 'd. 
Safe in the Cynosure their glittering ^uide 
With well-directed navies stem the tide." 

Rown's Translation, B. lU. 

Th« IbOowing extracts from other poets contain allusions to the same Act ; , 

"Phoenicia^ spuniing Asia's bounding Strand, 
By the bngnt Pole starts steady ramance led, 
Bade to the winds her daring sails expand, 
Aad fearless ploughed old Ocean's stormy bed.'' 

Maurick'b Elegy on Sir W, Jemm 

** Te radiant sl^s, who from the etherial plain 
SMoniana guide, and Qreeka upon the main, 
Who from your poles all earthly things explore, 
And never set beneath the western snore.'* 

Ovp>'s TrUHa 

Row any Koeha)> be easily known? What are the position and name of the tw» 
jTiKhtost of these 1 Wlien are they en the meridian* How is Koehab sttuated wlUi 
mugteifXta Bsnetoaech and Dttbhe* 
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''Of all jon multitude ot golden stara, 
Wliich the wide rounding sphere iuceaaant bean, 
The cautious mariner relies on none, 
But keeps him to the constant pole alone." 

Lucam's Pharsalia, B. viiL t. 2SS. 

Urra Major and Ursa Minor, are sometimes called 7Wo/tes, and sometimeflpM 
•reater and Lesser Wains. In Pennington's Memoirs of tlio learned Mn. " 
ler, we have the following beautiful lines : — 

" Here, Cassiopeia fills a lucid throne, 
There, blasse tlie splendours of the Northern Crown* 
While the slow Car, the cold Tnonea roll 
O'er the pale countries of the frozen pole : 
Whose faithfiU beams conduct the wand'ring ship 
Through the wide desert of the pathless deep." 

Tbales, an eminent geometrician and astronomer, and one of the seven ' 
men of Greece, who Hourislied six hundred years before the Christian era. ii 
generally reputed to be the inventor of this contjtellation, and tr have taught tho 
nse of it to the Phoenician navi«;ators ; it is certain that he brought the knowledge 
of it with him from Phoeuice into Greece, with many other discovcriM both w 
astronomy and mathematics 

Until the properties of the magnet were known and applied to the use of nati« 
gation, and for a long time after, the north polar star was the only sure guide. 
ht what time the attractive powers of the magnet were first known, is not cni^ 
tun ; they were known in Europe about six hundred years before the Chrisiiao 
tra ; and by the Chinese records, it is said that itfl polar attraction wa« known in 
Ibat country at least one thousand years earlier. 



CHAPTER IX. 

mRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ASS OK 

THE MERIDIAN IN JULY. 

SCORPIO. 

The Scorpion. — This is the eighth sign, and ninth constel- 
lation, in the order of the Zodiac. It presents one of the most 
interesting groups of stars for the pupil to trace out that is to 
be found in tha southern hemisphere. It is situated souths 
ward and eastward of Libra, and is on the meridian the lOtb 
of July. 

The sun enters this sign on the 23d of October, hut does not reach the anutelUt- 
Hon before the 20th of November. When astronomy was first cultivated in tim 
Bast, the two solstices and the two equinoxes took place when the sun wae la 
Aquarius and Leo, Taurus and Scorpio, respectively. 

Scorpio contains, according to Flamsted, forty-four stars 
including op jf * e 1st magnitude, .one of the 2d, and eleyen 
of the 3a. i ' ^eadily distinguished from all others by thf 
peculiar lus^ ^ and the position of its principal stars. 

Aniarea^ is the principal star, and is situated in the heail 

Wkat Is the position of Scorpio, among the signs and oonstellatlottB of the 2Sodlaet 
flow Is it situated with respect to Libra, and wl)en is it on our meridian? What aie 
eh* number and mngnltude of its stant? How Is it readily dlBtingulshed (hm aII 
ellMffV Describe the orincioal star In this constsUatimi I 

10 
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of the Scorpion, about 19^ east of Zuhenelgubi, the souiheiu- 
most star in the Balance. Antares is the most 'brilliant star 
m that region of the skies, and may be otherwise distinguish- 
ed by its remarkably red appearance. Its declination is about 
26° S. It comes to the meridian about three hours after 
Spica Viro^inis, or fifty minutes after Corona Borealis, on I he 
10th of July. It is one of the stars, from which the moon'i 
distance is r^koned for computing the longitude at sea. 

There are four great stars in the heavens, FomcUkauty Aldebaran^ Regulua^ 
and Antares, which foruierly answered to the solstitial and equinoctial points* 
«id which were much noticed by the astronomers of the Ekkst 

About 8^^ northwest of Antares, is a star of jhe 2d mag* 
nitude, in the head of the Scorpion, called (rrqmas. It is but 
one degree north of the earth's orbit. It may oe recognised 
by means of a small star, situated about a dc^ee northeast 
ot it, and also by its forming a slight curve with two other 
stars of the 3d magnitude, situated below it, each about 3^ 
apart. The broad part of the constellation near Graffias, ii 
powdered with numerous small stars, converging down to a 
point at Antares, and resembling in tigure a boy's kite. 

As you proceed from Antares, there are ten conspicuous 
stars, chiefly of the 3d magnitude, which mark the tail of ihe 
kite, extendmg down, first in a south, southeasterly direction, 
about 17^, thence easterly about 8° further, when they turn, 
and advance about 8^ towards the north, forming a curve like 
a shepherd's crook, or the bottom part of the letter S. This 
crooked line of stars, forming the tail of the Scorpion, is very 
conspicuous, and may be easily traced. 

The first star below Antares, which is the last in the back, is of only the 4t); 
magnitude. It is about 29 southeast of Antares, and is denoted by the Greek 
name of T. 

Epgilon, of the 3d magnitude, is the second star from Antares, and tiic first in 
the tail. It is situated about 7*^ below the star T, but inclining a little to the east. 

Mti, of the 3d magnitude, is the third star from Antares. It is situated 4|^ be^ 
low Epsilon. It may odierwise be known by means of a small star close by iu 
on the left. 

2ietay of about the same magnitude, and situated about as far below Mu, is the 
fourth star from Antares. Here the line tunis suddenly to the east. 

Eta. also of the 3d magnitude, is the fifth star from Antares, and about ?4^ 
east otZeta. 

TTteta, of the same magnitnde, is the sixth star from Antares, and about 4^** 
east of Eta. Here, the tine turns again, curving to the north, and terminates la 
a couple of stars. 

loioy is the seventh star from Antares, 3^^ above Theta, curving a little to the 
left. It is a star of the 3d magnitude, and may be known by means of ^siuaU 
•tar, almost toucliipg it, on the eaat. 

KapjM, a star of equal brightness, is less than 2° above Iota, and a little to the 
ilgiti^ ______ 

How is Antares otherwise dlstin^Ushed 7 Whnt Is its decltnaiion? What Is tho 
time of its iiassini; the meridian ) What nautical importnnce is attiu:hb<l to its iiositiont 
Descrtfie Graffias? How may it be recognised? What is the appeaninr^ of the constel* 
iiitt^n »ietween Gntinas and Antares? How many conspicuous ststrs below Antares) 
What arc their magnitude an«i general direction? Dettcrtbe thejlnt trdr below An- 
taren. Ih^scribe the second atar belmo Antares Describe thf third star, and teU hin9 
iT w^atj hr knatitn. Deiterihe the fourth. Describe theJifih. Detcribe Theta. Deaerih^ 
foil*. tieecriH Kappa. 
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l^ftmifhy of tne 3d magnitude, is the brightest of the two last in Ihc taJl, and Is 
Mtuated about 3° above Kappa, still further to the right It tnaj readily ^« 
ku>\vi. b; ip^ans of a smaller star, close by it, on the west 

This IS a very beautiful group of stars,, and easily traced 
cut m the heavens. It furnishes striking evidence ot the fa- 
cilitv with which most of the constellations may be so accu- 
rately delineated, as tu preclude every thing like uncertaintf 
iu the knowledge of their relative situation. 

"The heart with lustre of amazing force, 
Refulgent vibrates ; faint the otlier parts, 
And ill-defined by stars of meaner note." t 

II.STOKY.— Thib sign was anciently represented by various symbols, sometime* 
by a snaite, and sometimes by a crocooile ; but most commonly by the scorpioo. 
S*hid lust symbol is found on the Mitliraic monuments, which is pretty good evi- 
dence tliat these monuments were constructed when the vernal equinox accord* 
ed with Taurus. 

On buth the zodiacs of Dendcra, there are rude delineations of this animal; 
that on the portico differs considerably from that on the other zodiac, now in 
the Louvre. 

Scorpio was considered by the ancient astrologers as a sign accursed. Th« 
Ei^ptians fi ced the entrance of the sun into Scorpio as the commencement of 
the reign of Typhon. when the Greeks fablerl the death of Orion. When the son 
was in Scorpio, in the month of Athyr^ as Plutarch informs us, the Elg^ptians 
eoclosed the body of their god Osiris in an arA, or chest, and during tms cere- 
mony a great annual festival was celebrated. Three days after the priests 
had enclosed Osiris in the ark, they pretended to have found liim again. The 
death of Osiris, then, was lamented wneu the sun in Scorpio descended to th« 
lower hemisphere, and when he arose at the venial equmoz, then Osiris wa« 
said to be born anew. 

The Egyptians or Chaldeans, who first arvanged the Zodiac, might have placed 
Scorpio in this part of the heavens to denote tliat when the sun enters this sign, 
the rhseases incident to the fruit season would prevail ; since Autumn, which 
abounded in fruit, often brought with it a great variety of diseases, and mieht be 
thus fiUy represented by thttl venomous animal, the scorpion, who, as he re- 
cedes, wounds with a sting in his tail 

Mars was the tutelary deity of the scorpion, and to this circumstance is owing 
an that jargon of the astrologers, who say that there is a great analogy between 
the malign induence of the planet Mars, and this sign. To this also is owing tha 
doctrine of the alchymists, that iron, which metal they call Mars, is under the 
dominion of Scorpio ; so that the transmutation of it into gold can be effected 
only when the sun is in this sign. 

The constellation of the Scorpion is very ancient Ovid thus mentions it in his 
fieautifol &ble of Phaeton : — 

" There is a place above, where Scorpio bent, 
In tail and arms surrounds a vast extent ; 
In a wide circuit of the heavens he shines, 
And fills the place of two celestial signs." 

According to Ovid, this is the &mous scorpion which sprang out of the earth 
at the command of Juno, and stun$: Orion ; of which wound he died. It was is 
this way the imperious goddess cliose to punish the vanity of the hero and Uie 
banter, for boasting that there was not on earth any animal which he could ~" 

"Words that provok'd the gods once from him feUi 
'No beasts so fierce,' said he, * but I can quell ;' 
When lo ! the earth a baleful scorpion sent, 
To kill Latona was the dire intent ; 
Orion saved her, tho' himself was slain. 
But did for that a spacious place obtain 
In heaven : 'to fkee my life^* said she, *w<udear, 
And/or thy me ril shine illustrious there. ' " 



Dmerfbe Lenith. 
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Altboogh both Orion and Bcorpio were honoored bjr the celeatiali 

8 lace auionc Uie ttara, yet their siCuations were bo ordered that when one 
le other should set, and vice versa ; so that they never appear in the 
hemisphere at the same time. 

In the Hebrew zodiac this sign is allotted to Dan. because it is written, ** Daa 
#mU be a serpent by the way, an adder in the path." 



HERCULES. 

Hercules is represented on the map invested with the skin 
of the Nemiean Lion, holding a massy club in his right hand, 
and the three-hAded dog Cei^erus in his left. 

He occupies a large space in the northern hemisphere, 
with one foot resting on the head of Draco, on the north, and 
his head nearly touching that of Ophiucnus, on the south. 
This constellation extends from 12^ to &0^ 'north declination, 
and its mean right ascension is 255^ ; consequently its centre 
is on the meridian about the 21st of Julv. * 

It is bounded by Draco on the nortn, Lyra on the east, 
Ophiuchus or the Serpent-Bearer on the south, and the Ser- 
pent and the Crown on the west. 

It contains one hundred and thirteen stars, including one 
of the 2d^ or of between the 2d and 3d magnitudes, nine of the 
3d magnitude, and nineteen of the 4th. The principal star 
b RcLS AlgAhi^ is situated in the head, about 25° southeast 
of Corona Borealis. It may be readily known by means oi 
another bright star of equal magnitude, 5° east, southeast ot 
it called Ras Alhague.^ Ras Alha^e marks the head of 
Ophiuchus, and Ras Algethi that of Hercules. These two 
stars are always seen together, like the bright pairs in Aries, 
Gemini, the Little Dog, &c. They come to our meridian 
about the 28th of July, near where the sun dres, the last of 
April, or the middle ot August. 

Abou*. midway between Ras Algethi on the southeast, and Ariadne's Crown 
OD the northwest, may be seen Beta and Gamma, two stars of the 3d magnitude^ 
situateif in the west shoulder, about 3^ apart The northernmost of these two 
is called Ruiiacua. 

Those ibtir 'stars in the shap* of a diamond, 8^ or \(P soothwest of the two 
in the slioiilder of Hercules, are fJtuated in tlie head of the serpent 

About 12^ B. N. R of Ruiificus, and 1^^ direcUy north of Ras Algethi, an 
two s^ars of the 4th magnitude, in the east shoulder. They may be icnown bv 
."WO very minute stars a little above them on the left. The two stars in eack 
•lioulder of Heieules, with Ras ;jgethi in the head, form a regular triangle. 

The left, or east arm of Hercules, which grasps the triple-headed mcosCei 
Cerberus^ may be traced by means of three or four stars of the 4th ma|nitudet 

How is the constellation Hercules represented 7 What space does It occupy, and 
what is its situation in the heavens? what are its declination and ri^ht ascension I 
When ts.its centre on the racriiiiai) ? How is it bounded? What are the number and 
maitnituiie of its stars) Describe the principal star. What do Ras Algethi and Rafe 
Alha^ne serve to mark? When are they on our meridian? Deacribe the tUntk- 
tion qfBeta and Gamma. What is the nonhernmont (tfrhene hoo called ? Wfuirfour 
atan are aUuated 8° or 10° S. W. (if the ttoo in the ahoulder i Deacrihe the *fam in the 
east Hhoufder. How may these he knonm 7 What gemMtrlcal Jlgure do rhf tttartt in 
the head and thoulderg of Herculea funti f How ma>f the left arm qfUerculca be tra- 
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sftfUi'ed in a tow^ and 4^ aptut, extending from the slioalder, in a northeaaieri/ 
direction. That sn>all cluster, situated in a triaiiKular Ibrm, about 14 <^ nortiieaoC 
of Kas Alfcthi, and 13^ east, uoutheaat of ttie lelt shoulder, distinguish the htad 
of Cerberus. 

Eighteen or 20^ northeast of tlir '^«?Ka. are four utani of the 3d and <itl) ouif* 
(litudes, forming an irr^ular squarj, of which the two southern ones are about 
i^ apart, and in a line (>^or 7^ south of the two northern ones, wIucl. are uearlj 
TO apart 

Ply in the northeast comer, m^ be Icnown by means of one or two other small 
ft»rs, close by it, on the east JStOj in the northwest comer, may be known by 
its being in a row with two sn^aller stars, extending towanls tlie northwest, and 
about 4^ apart The stars of the 4th magnitude, just soutnof the Dragon's head 
point out *h*» left foot and ankle of Hercules. 

Several other stars, of the 3d and 4th magnitudes, may be traced out in thli 
eonstciiation, by reference to the map. 

HisTOBT.— This constellation is intended to immortalize the name of Herculei^ 
the Theban, so celebrated in antiquity for his heroic valour, and invincible 
prowess. According to the ancients, there were many persons of this name. Of 
all these, tj)e son of Jupiter and Alcmena is the most celebrated, and to him the 
actions of the others have been generally attributed. 

The birth of Hercules was attended witD maity miraculous events. He was 
brouffht up al Tirvnthus, or at Thebes, and before he had coomleted his eighth 
month, the jealousy of Juno, who was intent upon his destruction, sent two 
snakes bo devour him. Not terrified at the sigtit ot the serpents, he boldly seized 
them, and squeezed them to death, wliile his brother Iphicles alarmed the hous* 
with nis frightful shrieks. 

He was early instructed in the liberal arts, and doon became the pdpil of the 
centaur Chiron, under whom he rendered himself the most valiant and accent 
pUshed of all the heroes of antiquity. In the 18th year of his age, he com* 
menced his arduous and glurious pursuits. He subdued a lion that devourea 
the Hocks of his supposed lather, Aiiiphitryon. After he had destroyed the lion, 
he delivered his country from the annual tribute of a ^lundred oxen, which i^ 
paid to Erginus. 

As Hercules, by the will of Jupiter, wa.s subjected to the power of Eurystheua^ 
and obliged to obey him in every respect, Eurystheus. jealous of his rising fame 
and power, ordered him to appear at Mycenae, and perform the labours whicl^ 
by'prionty of birtii. he was empowered to impose upon him. ^Hercules refusec^ 
bat afterwards consulted the oracle ofApoUo, and was told that he must be sub> 
servient, for twelve years, to the will uf Eurystheus, in compliance with the 
commands of Jupiter ; and tliat, after he had achieved the most celebrated la^ 
{K)urs, he should be reckoned in the number of the go<ls. So plain an answer 
determined him to go to Mycenee, and to bear with fortitude whatever sods or 
men should impose upon hiiQ. Eurystheus, seeing so great a man totallv sub- 
iected to him, and apprehensive of so powerful an enemy, couunandcd him t» 
achieve a number of enterprises the most difficult and arduous ever known, 
generally called the Twelve Labours op Hbrculbs. Ifeiug furnished with 
complete armour by the favour of the gods, he boldly encountered the imposed 
labours. 

1. He subdued the Nemaean Lion in his den, and invested himself witb hie 
■kin. 

2. He destroyed the Lernaean Hydra, with a hundred hissing heads, and dip- 
ped his arrows in the gall of the monster to render their wountis incurable. 

3. He took alive the stag with golden horns and brazen feet, so iamous for its 
Incredible swiftness, after pursuing it for twelve months, aind presented it, un- 
hurt, to Eurystheus. 

4. He took alive the Erimanthian Boar, and killed the Centaurs who opposed 
him. 

6. He cleansed the stables of Augias, in which 3000 c ten had been confined 
for many years. , . j 

6. He killed the camiverous birds which ra>'aged tl e country of Arcadia, and 
frd on human flesh. « , , V 

7. He took alive, and brought into Peloponnesus, the wild bull of Crete, which 

BO mortal durst look u))on. ________«>___ 

' How ia (he head qf Cerbertu disttn^uUhed 7 There are four ttars \1/il *i*v jf m 
irregular square, in the body of Uerculeit-degcrihe "'*"'»-,u^ffi'"^*f ,*v!*. S^ *** i^ 
Pi. DeeeriU the eUuation qfEta. What Htam poitu ou th^ ^i^ foot ci, H> ♦,^ ? 

10* 
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R. He obtained for Eurystheus the mares of Dioiuede«L which fed oa tiiunM 
flesJi. after twiving giYen tiicir owner to be first eaieii by them. 

9. Jle obtained the fiirdle uf the queen of the Aiiiazona, a formidable nation of 
mirlike females. 

10 He killed the monster Geryon, liing of Gades, and brought awa/ his nu 
■aerous flocks, which fed up«u) human flesh. 

11. He obtained the golden apples from the garden of the Hesperides, whict 
were watched by a dragon 

12. And finally, he brought up to the earth the three-headed dog Certenu, t)M 
guardian of the entrance to the infernal regious. 

Accifrding to Dupuis, the twelve labours of Hercules are only a figurative rep* 
resentation of the anaual course of the sun through the twelve siffns of the »Jiy- 
dlac ; Hercules being put for the sun, inasmuch as it is the powerful planet whick 
animates and imparts fecundity to the universe, and whose divinity has been 
honoured, in every quarter, by temples and altars, and consecrated in the rel^ 
gious strains of all nations. 

Thus Virgil, in the eighth book of hia JEneid, records the deeds of Hercules 
and eelebrates his praise : — 

"The lay records the labours, and the praise, 

And aU the iiumortal acts of Hercules. 

Fi' •n, how the niightv babe, when swath'd in bands, 

1 ..e 8er{ients strangled with his infant hands ; 

'i hen, as in years and matchless Ibrce he grew. 

The CEchalian walls and Trojan overthrew ; 

Besides a thousand hassards they relate, 

Procured by Juno's and Euristheus' hate. 

Thy bands, unconquer'd hero, could subdue 

The cloud-Dorn Centaurs, and the mons(er crew; 

Nor thy resistless arm the bull withstood ; 

Nor he, the roaring terrour of the wood. 

The triple porter of the Stygian seat 

With lolling tongue lay fawning at thy feet. 

And, seized with fear, foreot the mangled meat 

The infernal waters trembled at thy si^ht : 

Thee, god, no face of danger could aflfinght ; 

Nor huge Typhseus, nor the unnumlierd snake, 

Increased wiin hissing heads, in Lerna's lake." 

Besides these arduouo labours which the jeafousy of Eurystheus imposed opaa 
bini, he also achieved others of his own accord, equally celebrated. Before he 
delivered himself up to the king of Mycen«e he accompanied the Argonauts to 
Ck)lchis. He assisted the cods in their wars against the giants, and it was through 
liim atone that Jupiter obtained the victory. He conquered Laomedon, and pil- 
laged Troy. 

At three different times he experienced fits of insanity. In the second, he Gtew 
(he brother of his beloved lole ; in the third he attempted to canr awav the sa- 
cred tripod from Apollo's temple at Delphi, for whicn the oracfe told him ae 
must be sold as a slave. He was sold accordingly to Omphale, queen of Lydte, 
who restored him to liberty, and married him. After this he returned to Pek>- 

Eonnesos, and re-established on the throne of Sparta his friend Tyndarus, who 
ad been expelled by HipiK>coon. He became enamoured of Dejaiiiru, wlioni^ 
after having overcome all his rivals, he married; but was obliged to ieat e hia 
&ther-in-law'8 kingdom, because he )u»d inathreriently killed a man with a blow 
•f his fist. He retired to the court of Ceyx, king of Trachina* and in his way was 
stopped by the streams of the Evenua, wliere he slew the Centaur Nessua, for 
presmning to offer indiznity to his beloved Uejanira. Tlie Centaur, on expiriogf 
l|ave to Deianira the celebrated tunic which aiterward« caused the death of ner- 
eides. "TTiis tunic," said the expiring monster, •' has the virtue to recall a hua- 
jand from unlawful love " Dejanira, fearing lest Hi^rcules should relapse again 
Into love for the beautif i lole, gave him the &tal tunic, which was so infected 
with the poison of the I.emsan If ydra, that he had no sooner investe<l himaell 
with it, trian it began to penf'trate his bones, and to boil tlurough all his veins. 
Ue attemjited to pull it off, but it was too late. 

"As the red iron hisses in the flood, 
So boils the venom in his curdling blood. 
Now with the greedy flame his entrails glow, 
And livid sweats down all his bo^y flow ; 
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The crackiD.ff nerves, burnt up, are burst in twain, 
The hirkiiig venom melts his swimming brain." 

As tbe distempei* was incurable, he implored the protection of Jupiter, gavi 
hli bow and arrow to Fhiloctetes, and erected a laiige burning pile ou the top tA 
Hfttittt OBta. He spread on the pile the skin of the Nerasean lion, uid laid him* 
89lf dowu upon it, as on a bed, leaning his head upon his club. Philoctetes set 
fire to the pile, and the hero saw hiwsell^ on a sudden, sivrounded by the moit 
appalling tlaraes ; yet he did not betray any marks of fear or astunishmeot. Ju* 
piter saw him from heaven, and told the surrounding gods, who would havr 
drenched the pile with tears, while they entreated that he would raise to th« 
skies the immortal part of a hero who had cleared the earth from so mamy mon 
aters and tyrants ; and thus the thunderer spake : — 

" Be all your fears forborne : 
Th' CEtean fires do thou, great hero, scorn. 
Who vanquish'd all things shall subdue the flame. 
That part alone of gross maternal frame 
Fire shall devour ; while what from me he drew 
Shall live immortal, and its force subdue : 
TfuU, when he's dead, I'll raise to realms above ;— 
May all the powers the righteous act approve." 

Ovid's Met. lib. ix 

Accordingly, after the mortal part of Hercules was consumed, as the aaeiaBC 
poets say, he was carried up to heaven in a chariot drawn by four horses 

"Quem pater omnipotens inter cava nubila raptum, 
Quadrijugo curru radiantibus intulit astris." 



-" Almighty Jove 



In his swiil car his honour'a offspring drove ; 
High o'er the hollow clouds the couriers fly, 
And lodge the hero in the starry sky." 

Ovid's Met. Ub. fz. ▼. 271. 



SERPENTARIUS, VEL OPHIUCHUS. 

The Serpent-Bearer is also called ^sculapius, or the 
god of medicine. He is represented as a man with a venera 
ble beard, having both hands clenched in the folds of a pro 
digious serpent, which is writhing in his ^asp. 

The constellation occupies a considerable space in the mid- 
heaven, directly south of Hercules, and west of Taurus Po- 
ihatow^ski. Its centre is very nearly over the equator, oppo- 
site to Orion, and comes to tne meridian the 26th of July. It 
contains seventy-four stars, including one of the 2d magni 
tude, five of the 3d, and ten of the 4th. 

The principal star in Serpentarius is called Bos Alhague, 
It is of the 2d magnitude, and situated in the head, about 5^^ 
Et, S. E. of Ras Algethi, in the head of Hercules. Ras Al- 
hague is nearly 13° N. of the equinoctial, while Rho^ in the 
bouthern foot, is about 25^ south of the equinoctial. These 
two stars serve to point out the extent of the constellation 
from north to south. Ras Alhague comes to the meridian on 
ihe 28th of July, about 21 minutes after Ras Algethi. 

How ts the constellation Serpentarius represented? What is its extent, and where 
Is It situHted? When is its centre en the niertdi:m? What are the number and mag- 
nitude of its stars? What are the name and position of its principal star? What two 
Mars mark the e.xtreme8 of the constellation, north and south) When is Ras AUuiKua 
•n the meridian} 
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AUmt 10^ S. W. of Ras Alhagae are two small stars of Din 4th in«i;!nMiuf«. 
^tHfccly more than a dejpree apart. They distinguish the left or we^i 8iiuul<ier 
f ite northern one is marked lota, and the other Kappa. 

Eleven or twelve degrees 8. S. E. of Has Alhague are two other stars uf the 3o 
ouuiiiitude, in the east shoulder, and about 2^ apart The upper i*Ae is called 
Chileb, and the lower one Gamma. These stars in the head and t» lonlders of 
9er|>ontariu8, form a triangle, with the vertex in Has Alhague, and pointing to- 
wards the northeast 

About 4^ £. of Gemma, is a remarkable cluster of ibur or 
five stars, in the form of tne letter V, with the open part to 
the north. It very much resembles the Hyades. This beau 
tiful litiie group marks the face of Taurus FonIatoWski. The 
solstitial colure passes through the equinoctial about 2^ E. of 
the lower star in the vertex of the V. The letter name of this 
star is A:. There is something remarkable in its central posi- 
tion. It is situated almost exactly in the mid-heavens, being 
nearly equidistant from the poles, and midway between the 
rernal and autumnal equinoxes. It is, however, about one 
and a third degrees nearer the north than the south pole, and 
about two degrees nearer the autumnal than the vernal equi 
nox, being about two degrees west of the solstitial colure. 

Directly south of the V, at the distance of about 12^, are two very small stars^ 
about 2^ apart, situated in the right band, where it grasps the serpent. Aboc. 
halfway between, and nearly in a line with, the two in the hand and the two in 
the shoulder, is another star of the 3d magnitude, marked Zeta, situated in th« 
Serpent, opposite the right elbow. It may be known by means of a minute star. 
Just under it 

MarsiCy in the left arm, is a star of the 4th magnitude, about *10^ 8. W. of Iota 
and Cappa. About 7^ farther in the same direction are two stars of the 3d mag 
nitade^ situated in the hand, and a little more than a degree apart The uppei 
on^^of the two, which is about 16° N. of Graffias in Scorpio, is called Ynd; th« 
oth^r is marked Epsilon. These two stars mark the other point in the folds of 
the monster where it is grasped by Serpentarius. 

The left arm of Serpentanus may be easilv traced by means of the two staia 
in the shoulder, the one (Marsic) near the elbow, and the two in the liaiiJ ; atl 
lying nearly in a line^. N. E. and S. S. W. In the same manner mav the right 
arm be traced, bv stars very similarly situated ; that is to sav, first by the twa 
in the east shoulder, just west of the V, thence 8° in a southerly direction in- 
clming a little to the east, by Zeta, (known by a little star right under it,) and then 
ty the two small ones in the right hand, situated about 6° oelow Zelo. 

About 12° from Antares, in an easterly direction, are two stars in the rigM 
foot, about 2° apart The largest and lower of the two, is on the lefthmni. It ia 
«f between the 3d and 4th magnitudefc, and marked Rho. There are sever il other 
stars in this constellation of the 3d and-ith magnitudes. They may be traced out 
from tlie maps. 

**Thee, Serpentarius, we behold distinct, 
With wetnty-fcuT refulgent stars ; and ont 
Graces thy helmet, of the second class: 
The Serpent^ in thy hand grasp'd, winds, his spire 
Immense ; fewer by ten his figure trace ; 

Dtteribe the etan in the we$t ehoulder of Serpentarius. What start dietingnith th$ 
met ehoulder ? How are these two start denominated ? What is the relative posUion 
tifthe stars in the head and shoulders! What remarkable cluster of stars In this 
neighbourhood? To what constellation does this group belong? How l.s this clustel 
situated with respect to the solstitial colure? What Is remarkable in the central posl 
tton of Kapna? Describe the stars in the right hand qf Serpentarius. Describe th. 




^•^^tmrlus. What other Hare may ^ trtmd out in this consteikttionl 
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One of the second rank ; ten shun the frf^bt ; 

And seven, he who bears the monster hidedk'*— i^iMfosxa. 

History.'— This constellation was known to the ancients twelve hundred jtMh 
beitire tlie Christian era. Homer mentions it It is thus referred to in tM A» 
ironufflicou ofManilius: — 

'*Nezt, Ophiuchns, strides the mighty snake, 
Untwists Ills winding folds, and smooths his back, « 
Extends his bulk, and o'er the slippery scale 
His wide-stretch'd hands on either side prevail. * 

The snake turns back his head, and eeuis to rage : 
That war must last where equal power prevails." " 

iBscalapius was the son of Apollo^ by Coronis. and wAs educated by Chiroa 
tfie Centaur, in the art of medicuie. ^n which he became so skilful, that he was 
considered the inventor and god of n.ediclne. At the birth of .£sculapiu^ th« 
tttspired daughter of Chiron uttered, "in sounding verse," this prophetic srrain; 

*'Hai], great physician of the world, all hail I 
Hail, mightv in&nt, who, in years to come, 
Shall heal the nations and defraud the tomb I 
Swift be thv growth ! thy triumphs unconfined 1 
Make kingdoms thicker, and increase mankind : 
Thy daring art shall animate the dead, 
And draw the thunder on thy guilty head : 
Then shalt thou die, bur from the dark abode 
Rise up victorious, and be twice a god." 

Re accompanied the Argonauts to Colchis, in the capacity of physician. He 
Is said to have restored many to life, insouiuch that Pluto coniplauned to Jupiter, 
that his dark dominion was in danger of being depopulated by his art. ^ 

^sculapius was worshipped at Epiilaunis, a city of Peloponnesus, and hencIRp 
he is styled by Milton, *' tlie god in Epiikiirus." Being sent fur to Rome in the 
time of a plaguo, he assumed the form of a serpent and accompanied the ^mbas- 
sadors, but Uiough thus chan, ed, he was ^sculapius still, in serpente detu,— 
the deity in a serpent, and under that form lie continued to l)e worshipped at 
Rome. The cock and the serpent were sacred to hun, especially the latter. 
The ancient physicians used them in their prescriptions. 

Oiie of the last acts of Socrates, who Is accounted the wisest and best man of 
Pagan antiquity, was to offer a cock to ^sculapius. He, and Plato, were both • 
Idolaters ; they conformed, and advised others to conform, totheTeligion of their 
country ; to gross idolatry and absurd superstition. If the wiseM and must lennv 
•4 were eo blind, what must the foolish and ignorant have beeni 



CHAPTER X. 

BIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE OS 

THE MERIDIAN IN AUGUST. 

DRACO. 

The DRAGON.-<-This constellation, which compasses a 
large circuit in the polar regions by its ample folds and coo* 
tortions, contains many stars whicti may be easily traced. 

From the head of the monster^ which is under the foot of 
Hercules, there is a complete coil tending eastward ly, ab«)ut 
17*> N. or Lyra ; thence he winds down northerly anout 14^ 

M'hat In the«itiiation of the constellation Draco) Describe, if ym: i^Ioasa. the vun 
colli of the Dragon. 
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10 the second coil, where he reaches almost to the jjinht: «/l 
Cepheus, then he loops down somewhat in the shape of lU*; 
letter U, and makes a third coil about 15° below the first. 
From the third coil he holds a Westerly course for about 13o, 
then goes directly down, passing between the head of the 
Lester and the tail of the Greater Bear. 

This constellation contains eighty stars, including four ot 
the 2d magnitude, sev6n of the 3d, and twelve of the 4th. 

"The Dragon next, winds like a mighty stream ; 
Within its ample folds are eightu stars, 
Four of the second order. Far he waves 
His ample spires, involving either Bear." 

The head of the Dragon is readily distinguished by means 
of four stars, 3°, 4°, and 5° apart, so situated as to form an 
irregular square ; the two upper ones being the brightest, and 
both of the 2d magnitude. The righthand upper one, called 
Etarfin, has been rendered very noted in modern astronomy 
from its connexion with the discovery of a new law in phys- 
ical sqience, called the Aberration oj Light, 

The letter name of this star is Gamma^ or Gamma Draco* 
ms; and by this appellation it is most frequently called. The 
other bright star, about 4° from it on the left, is Rastaberu 

About 4° W. of Rastaben, a small star may, with close at 
tent ion, be discerned in the nose of the Dragon., which, with 
the irregular square before mentioned, makes a figure some- 
what resembling an Italic F, with the point towards the west, 
and the open part towards the east. The small star in the 
nose, is called Er Rctkis. 

The two small stars 5^ or 6^ S. of Rastaben are in the left foot of Hercules. 

Ra^ben is on the meridian nearly at the same moment 
with Ras Alhague. Etanin, 40<^ N. of it^ is on the meridian 
about the 4th of August, at the same time with the three 
western stars in the faoe of Taurus Poniatowisd, or the V. It 
IS situated less than 2° west of the solstitial colure, and is 
exactly in the zenith of London. Its favourable position has 
led English astronomers to watch its appearance, for long 
periods, with the most exact and unwearied scrutiny. 

In the year 1725^ Mr. Molynenz and Dr. Bradlev fitted up a very accurate aiMt 
costly instrument, in order to discover whether tite fixed stars had any sensibls 
parallax, while the earth moved from one extremitv of its orbit to the other ; or 
which is the same, to determine whether the nearest fixed stars are situated at 
■uch an immense distance from the eartlq that any star which is t^tu this niffttt 
directly north of us, will, six months hence, when we shall have gone 190 mill* 

Wbat *s the course of the monster flcom the third colli What are the number and 
magnitude of the stars r'^ntained in this constellation? How is the head of theTDnaiB 
distinguished 1 Wlilch stir is called Etuniii, and for what Is It note<I7 By what other 
appellatioifis it generally known? Whai stars m the hemi of Dmco form the letter r, 
and liuw is It situated? When is^Rastaben on the neridlan? When h Etmnii on the 
meridian, and what stars In this region culminate at he same time? How is RastuLA» 
•Itnatod with raspect to the solstitial colure. and the lenlth of London. 
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tnns oi iDtle-: to the eastward of the place we are now in, be then seen exactlv 
n •nil oi' us still, without changing its poiution su much as the thickness of a spi 
d^r's web. 

These observations were subsequently repeated, with but little interminsicni 
ft>i twenty yearsu by the most acute observers in Europe, and with telescopes 
varying trom 12 feet to 36 feet in length. In the meantime, Ur. BrarUey had the 
honour of announcing to the world the very nice discovery, that tlut motion oi 
kght^ combined with the progressive motion of the earth in its orbit^ causes Mt 
heavenly bodies to be seen in a different position from what they toou/d^e, tf 
the eye were at rest. Thus was established tlie principle of the Aberration of 
Light. 

This jprinciple, or law, now that it is ascertained, seems not only very plain 
but sei(-evident. For if light be progressive, the position of the telescope, in ordei 
to receive the ray, must be different from what it would have been, if ligiit had 
been instantaneous, or if the earth stood still. Hence th&place tu which the telf 
escope is directed, will be different from the true place or the object. 

The quantity of this aberration is determined by a simple proposition. Tlie 
earth ^lescribes 59' 8" of her orbit in a day —3548'', and a ray of light cornea 
from the sun to us in 8' 13 "= 493" : now 2A hours or 86400" : 493" : : 3548" : 
22" ; which is the change in the star's place, arising from the cause abovemen- 
tioned. 

Of the four stars forming tne irregular square m the head, the lower and righ^ 
hand one is 5^^ N. of Etanin. It is called Grumium, and is of the 3d magnitude. 
A few degrees E. of the square, may be seen, with a little care, eight stars of the 
5th magnitude, and one of the 4th, which is marked Omicron, and lies 8*^ E. of 
Gruniiuin. This group is in the first coil of the Dragon. 

Tite second coil is about 13° below the first, and may be recognised by means 
of four srars of the 3d and 4th magnitudes, so situated as to form a small s({uare| 
abuut half the size of tliat in the head. 

The brightest of th^m is on the left, and is marked Delta. A line drawn from 
Rastaben through Grumium, and produced about 14°, will point it out. A line 
flrawn from Lyra through Zi Draconis, and produced 10° further, will point out 
Zeta, a star of the 3d magnitude, situatini in the third coil. Zeta may otherwise 
be known, by its being nearly in a line witii, and midway between, Etanin and 
Kochab. From Zeta. the remaining strxs in this constellation arc easily traced. 

Eta, TketUy and Afich, come next ; all stars of the 3d magnitude, and at the 
distance, severally, of 6°, 4°, and 5° from Zeta. At Asich, the third star from 
Zeta, the tail of the Dragon iiiak^s a suJden crook. TViubanj Kappa^ and Gian^ 
saty follow next, and complete the tail. 

l^imari^ is a bright star of the 2d magnitude, 11° from 
Asich, in a line with, and about midway between, Mizar and 
the southenimost guard in the Little Bear. By nautical rnen 
this star is called the DragofCs Tail^ and is considered of 
much importance at sea. It is otherwise celebrated as being 
formerly the north polar star. About 2,300 years before the 
Christian era, Thuban was ten times nearer the true pole of 
the heavens than CynosUra now is. 

Kappa is a star of the 3d magnitude, 10° from Alpha, between Megrez and the 

Eile. Mizar and Megrez, in the tail of the Great Bear, form, with Thuban and 
appa, in the tail of the Dragon, a large quadrilateral figure, whose longest side 
IS iromj^egrez to Kappa. 

'GiaMar, the last star in the tail, is between the 3d and 4tfi magnitudes, and 6® 
from Kappa. Tlie two pointers will also point out Giansar, lying at the distance 
of UCtle more than 8° from them, and in the direction of the pole. 

Describe the stars in the Jlrst coil qf Draco. Describe the stars in the second colL 
What is the brightest of this group called, and hoto may it be pointed out 7 What is 
the principal star qf the, third coil, and how may it be fowtd ? Ikno else may Zeta he 
known 7 What stars emne next to Zeta, in this constellation 7 What stars follow 
these ? Dfefjcrlbe Tliiib-m. By what other name Is this star known, and for what is \\ 
^lebrHtcil? When was Thuban within ten minutes of the pole? Describe Kawpa. 
What figure do Mizar and Mtgrcz, in the taU of the Great Bear, form toith Thithan 
and Kappa, in the tail qf the Dragon 7 Describe the posUion qf Qiansar, and teU Jmg 
ft is pointed out. 
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-"Here the vast Dragon twines 



Between tlie Beard, and like a river winds, 
The Bears, that still with fearful caution keem 
Untinged beneath the surface of the deep." 

Warton?9 VirgHj O. L 

UisTosr. — Whoever attends to the situation of Draco, surrounding, as t*. ooml 
tke pole of the Ecliptic, will perceive that its tortuous windings are synitioUcil 
•f the oblique course of the stars. Draco also winds round the pole of the worif^ 
u if to indicate, in the symbolical language of Egyptian astronomy, the motfcm 
of the pole of the Equator around the pole of the Ecliptic, produced by the pi^ 
eession of the heavens. The Egyptian hyeroglyphic for the heavens, wu a 
aerpent, whose scales denoted the stars. When astronomy first began lo be cul* 
livated in Chaidea, Draco was the polar cotutelteUion. 

Mythologists, however, give various accounts of this constellation ; by SMiie 
It is represented as the watchful dragon which guarded the golden apples in ths 
femous garden of the Hesperides,* near Mount Atlas in Africa ; and was .slain by 
Hercules. Juno, who presented these apples to Jupiter on the day of their nui^ 
Hals, took Draco up to heaven, and made a constellation of him, as a reward for 
bis faithful services. Others maintain, that in the war with the giants, this dragcm 
was brought into combat, and opposed to Minerva, who seized it in her hand, t nd 
hurled it, twisted as it was, into the heavens round tJie axis of the world, befcn 
It had time to unwind its contortions, where it sleeps to this day. Other writftn 
of antiquity say, that this is the dragon killed by Cadmus, who was ordered oy 
«is fatner to go in quest of his sister Europa, whom Jupiter had ccxried aw«r 
■lid never to return to Phoenicia without her. 

*' When now Agenor had his daughter losti 
He sent his son to search on every coast ; 
And sternly bade him to his arms restore 
The darling maid, or see his (ace no more." 

His search, however, provmg fruitless, he consulted the oracle of Apollo, and 
ws ordered to i)uild a city where he should see a heifer stop in the grass, and 
10 call the country Boeotia. He saw the heifer according to the oracle, and as ha 
wished to render thanks to the god by a sacrifice, he sent his companions to 
fetch water from a neighbouring grove. The waters were sacred to Mars, and 

Stiarded by a most terrific dragon, who devoured all the messengers. Caamoa, 
red of their seeming delay, went to the place, and saw the monster still feeding 
en their fiesh. 

"l>eep In the dreary den, conceai'd from day, 
Sacred to Mars, a mighty dragon lay. 
Bloated with poison to a monstrous size ; 
Fire broke in flashes when he glanced his eyes : 

• * Those who attempt to explain the mythology of the anclentx, observe that the Re» 
per^es were certain persons who had an immense number of flocks ; and that Xtm 
■nblguous Greek word ^jixoy, melon, which sometimes signifies an apple and sono- 

tfanes a sheep, gave rise to the fable of the golden apple of these gardens. 

The " Hesperian gardens famed of old,'^ as Milton observes, were so called firoa 
F'Wfwru* Vesper, because placed in (he west, under the evening star. Some suppose 
CKem to have been situated near Mount Atlas, in Africa*, others maintain that they 
were the Isles about Cape Verd. whose most westerly point is still called Heaperimn 
Comu; the Horn of the Hesperides ; while others contend, that they were the Caaaxy 
islands. 

KWas, said to have been contemporary with Moses, viras king of Mauritania, In tbi 
m»nh part of Africa, and owner or a thousand flocks of eveiy Kind. For refXising hot- 
pltulity to Perseus, he was changed Into the mountain that still bears his name ; am 
which is so high, that the ancients imagined that the heavens rested upon its sunutt^ 
and. consequently, that Atlas supported the world on his shoulders. Virgil has OUf 
Uea. where he speaks of "Atlas, whose brawny back supports the skies ;" anlHr 
•fod^ verse 786, wtvances the same notion :— 

" Atlas, so hard necessity ordains, 
Erect, the ponderous vault of stars sustains. 
Not fifir tnm the Hesperides he stands. 
Nor tnm the load retracts his head or hands.** 

Prom this very ancient and whimsical notion, Atlas Is represented by artists, >bA^ 
*<9orks of mythdogy, as an old man bearing the world on nis shouMers. Henoa It m 
%■» a ccdlactlon of maps, embncing the whole world, is called an AtUUk 



i 
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Qis towering crest was j^lorious to behold, 

His shottlders and his sides were scaled with gold; 

Three tongues he brandish'd when he charged his £>«■• 

His teeth stood jaggy in three rlreadfid rows 

The T^rians in the den for water souftht, 

And with their urns explored the hollow yault : 

From side to side their empty urns rebound, 

And rouse the sleeping serpent with their souml. 

Straight he bestirs niin, and is seen to rise ; 

And now with dreadful hissings fills the skies, 

And darts his forfcy tongues, and rolls his glaring ejes. 

The Tyrians drop their vessels in the fright, 

All i\ale and trembling at the hideous sight 

Spire above spire uprear'd in air he stood, 

And gazing round hun, overlook'd the wood: 

Then floating on the ground in circles roU'd; 

Then leap'd upon thein in a mighty fold. 

All their endeavours and their hopes are vain ; 

Some die entangled in the winding train ; 

Some are devour'd, or feel a loathsome death, 

SwolPn up with blasts of pestilential breath." 

Cadmus, beholding such a scene, boldly resolved to avenge, or to share t&0lr 
ftte. He therefore attacked the monster with slings and arrows, and, with tne 
nssistance of Minerva, slew him. He then plucked out his teeth, and sowed 
tiliem, at the command of Pallas, in a plain, when they suddenly sprung up int9 
•rraed men. 

"Pallas adest: moteque jubet supponern terra 
Viperos dentes, populi increments futuri. 
Paret : et, ut presso sulcum patefecit aratro, 
Spargit humi ^ussos, mortalia semina dentes. 
Inde (fide majus) glebse csepere mover! : 
Primaque de sulcis acies apparuit hasts 
Te^mina mox capitum picto nutantia cono . 
Existont : crescitque seges clypeata virorum." 

Ooid^a Met. Ub. Bl. v. 102. 

**He sows the teeth at Pallas's command. 
And flinffs the future people from his hand. 
The clods grow warm, and crumble where he sows; 
And now the pointed spears advance in rows ; 
Now nodding plumes appear, and shining crests^ 
Now the broad shoul^rs and the rising oreasts ; 
O'er all the field the breathing harvest swarms, 
A growing host I a crop of men and arms !" 

Entertaining worse apprehension from the direful ofTspring than he had dom 
from the dragon himself; he was about to fly, when they all fell upon each other 
■ad were all slain in one promiscuous carnage, except five, who assisted Cadmoi 
(a bnild the city of Boeotia. 



LYRA. 



The Harp. — This constellation is distinguished by one of 
the most brilliant stars in the northern hemisphere. It is sit- 
aated directly south of the first coil of Draco, between the 
Swan, on the east, and Hercules, on the west ; and when on 
the meridian, is almost directly over head. 

It contains twenty-one stars, including one of the 1st xn%^ 
n^rude, two of the 3d, and as many of the 4th. 

H»' wtiRt is the constellation of the Harp dUtingulshedt Where is It situated? 1liriM( 
AVi Lhe nmnber and magnitude of iui stars? 

II 
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'l*here Li/ra^ for the brit^htness of her starts 
More than their numhei eminent ; thrice seven 
She counts, and ot%e of these illUminateB 
The heavens far around, blazing iuiperia* 
In the fir U order." 

This star, of " the first order, blazing with irnptrial" lustre, 
Is called Vega, and sometimes Wega; but more frequently 
it is called Lyra, after the name of the constellation. 

There is no possibility of mistaking this star for any other. 
It is situated 14}° S. E. of Etanin, and about 30° N. N. E. of 
Ras Alhague and Ras Algethi. It may be certainly known 
by means of two small, yet conspicuous stars, of the 5th mag- 
nitude, situated about 2° apart, on the east oi it, and making 
with it a beautiful little triangle, with the angular point at 
Lyra. 

The northernmost of these two siAall stars is marked Epailon^ and the aoutb- 
em one, Z^ta. About 2° S. E. of Zeta, and in a line with Lyra, is a star of th« 
4th magnitu(le, marked Delta^ in the middle of the Harp ; and 4° or 5° S. o! 
Delta, are two stars of the 3d magnitude, about 2° apart, in the (tarlaiid of the 
Harp, forming another triangle, wnose vertex is in Delta. The star on the east, 
is marked Gamma ; that on the west. Beta. If a line be drawn from Etanin 
through Lyra, and produced 6° farther, it will reach Beta. 

This is a variable star, changing from the 3d to nearly the 5th majpiitude In the 
apace of a week ; it is supposed to have spots on its Sur&ce, and to turn on its 
axis, like our sim. 

Gamma comps to the meridian 21 minutes after Lyra, and precisely at the 
same moment with Epailonj in the tail of the Eagle, 17jp S. of it 

The declination of Lyra is about 38|° N.; consequently 
when on the meridian, it is but 2° S. of the zenith of Hart- 
ford. It culminates at 9 o'clock, about the 13th of August. 
It is as favourably situated to an observatory at Washington, 
as Rastaben is to those in the vicinity of London. 

Its surpassing brightness has attracted the admiration of 
astronomers in all ages. Maniiiu% who wrote in the age of 
Augustus, thus alludes to it : — 

"One, placed in front above the rest, displavs 
A vigorous light and darts surprising rays/' 

Aatronomiconf B. i. p. 15. 

History^— It is generally asserted that this is the celestial Lyre which ApolM 
or Mercury gave to Orpheus^ and upon which he played witli such a mastetly 
hand, that even the most rapid rivers ceased to flow, the wild beasts of the ft>reh) 
foraot their wildness, and the mountains came to listen to his song. 
- Of all the nymphs who used to listen to his song, Eurydice was the only one 
who made a deef) impression on the musician, and their nuptials were :elebra- 
ted. Their happiness, however, was short. Aristsus became enunoured of 
Eurydice, and as she fled from her pursuer, a serpent, lurking in the grass, btl 
her foot, and she died of the wound. Orpheus resolved to recover her. or perish 
in the attempt. With his lyre in his hand, he entered the infernal regions, and 
gained admission to Pluto. The king of hell was charmed with his .strauna, tho 

What is the name of the principal star? Desscrlbo Its posltfon. ^' w!iat moans may 
ft be certainlv known? Wnat are Oienameti rfthe two smaH ftfanjbnning- the bfun •{/ 
the triangle/ Describe the star in the fniddfe of the Pnrp, and thwe xnith irhich H 
foniut another triangle. Hmo are the tttars in the hasp of this triangle m4xrfced on the 
ynap ' Haw elve may Beta be pointed ottil What is there remarkab'e in the aj^pear- 
Jnct qft.kis itfar? When is (iammn on the v>frid>a»i ? Whil Is tl»e ilefJinalicn «4 
LvpO When tJoea ir culminate ^ Whut ancient jjoet mentions it) 
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Wheel of Ixion stopped, the stone of Sisyphus stood still, Tantalus foi^ot his 
ttiirnt, aiid even the mrieii relented. 

riuio and Proserpine were moved, and consented to restore him Eurydice^ 
provided he forbore looking behind him till he had come to the extremest borw 
fiers of their dark dominions. The condition was accepted, and Orpheus was 
already in sight of the upper regions of the air, when he forgot, and turned back 
to look at hib long lost Efurydice. He saw her, but she insiantly vanished from 
liis siglit. He attempted again to follow her, but was refused admission. 

From this time, Orpheus separated himself from the society of mankind, which 
00 offended the Thracian women, it is said, that they tore his body to pieces, and 
threw his head into the Hebrtfs, still articulating the«words Euridice ! Euryoicel 
as it was carried down the stream into the Mgean sea. Orpheus was one of ths 
AiK'^nauts, of which celebrated expedition he wrote a poetical account, which is 
still extant. After his death, he received divine honours, and his lyre became 
one of the constellations. 

This fable, or allegory, designed merely to represent the power of music in 
d^e hands ot the great master jf the science, is similarly described by three of 
the most renowned I<atin poets. Virgil, in the fourth book of his Georgics, Uitas 
tlescribes the effect of the lyre : — 

**E'sn to the dark dominions of the night 
He took his way, through forests void of light, 
And dared amid the tremblins ghosts to sing, 
And stood before the inexorable kins. 
The infernal troops like passing shadows glidsi 
And listening, crowd the sweet musician's side ; 
Men, matrons, children, and the unmarried maid, 
The mighty hero's more maieetic shade, 
And youth, on funeral piles before their parents laid. 
E'en from the depths of hell the damn'd advance ; 
The infernal mansions, nodding, seem to dance ; 
The gaping three-mouth'd dog foreets to snarl; 
The furies hearken, and their snakes uncurl ; 
Ixion, seems no more his pain to feel, 
But leans attentive on his standing wheel. 
All dangers past, at length the lonely bride 
^ In safety goes, with her melodious guide." 

Pythagoras and his followers represent Apollo playing upon a%arp of seven 
strings, by which is meant (as appears from Plinv, o. ii. c. 22— Macrobius i. e. 
29, and Censorinus c. ii.) the sun in conjunction witn the seven planets ; for they 
made him the leader of that septenary chorus, and the moderator of nature, and 
thought tliat by his attractive force he acted upon the planets in the harmonical 
ratio of their distances. 

The doctrine of celestial harmony, by which was meant the music of the 
spheres, was common to ail the nations of the East To this divine music Euri- 
pides beautifully alludes : — " Thee I invoke, thou self-created Being, who gave 
birth to Nature, and whom light and deu'kness, and the whole trun of globes en* 
circle with eternal music." — So also Shakspeare : — 



—"Look, howtlie floor of heaven 



Is thick inlaid with patines of bright gold ; 
There's not the smallest orb, which thou behbld'st^ 
But in his motion like an angel sings. 
Still quiring to the young-eyed cherubim : 
Such harmony is in immortal souls ; 
But, whilst this muddy vesture of decay 
Dotn grossly close it in, we cannot hear it " 

The lyre was a famous stringed instmment, much used among the ancients^ 
said to have been invented by Mercury about the year of the world 2000; though 
some ascribe the invention to Jubal. (Genesis iv. 21.) It is universally allowed, 
fchat the lyre was the first in-trument of the string kmd ever used in Greece. 
The different lyres, at various periods of time, had from four to eighteen strings 
«ach. The modern lyre is the Welsh harp The lyre, among patntera, is an<v 
attribute of Apollo and the Musaa 

All poetry, it has i»ern conjectured, was in Its ori^n lyric ; that Is, adaptrd to 
recitation or song, vrth he accomi^animent of music and d!stinguished oy the 
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vtiiiopt boAliifss of thought and cxpreMton; being at first emfioyed in celebrm ' 
Ijit^ tli« praises of gods and heroes. 

J.e8i>od wai} the principal seat of the Lyric Muse ; and Terpander, a native of 
this inland, who flourished attout 650 years B. C, is one of the earliest of tlU 
lyric poets whose naine we find on record. Sappho, wtiose misfortunes have 
united with her talents to render her name memorable, was bom at Mitylene, the 
chief city of Lesbos. She was reckoned a tenth muse, and placed witliout con- 
troversy at the head of the female writers m Greece. But Pindar, a na'ive of 
Thebes, who flourished about 500 years B. C, is styled the prince of lyric poets. 
To him his fellow-citizens erected a luonuiuent ; and wlieu the LAcedem^mians 
ravaged BiEotia, and burnt ihe capital, the following words were written 'ipon 
the door of the poet : Forbbab to Bnmf tbis bousb. It wab tbb dwblumo o* 

PUIDAB. 



SAGITTARIUS. 

The Archer. — This is the l :Qth sign and the tenth con- 
stellation of the Zodiac. It is situated next east of Scorpio, 
with a mean declination of 35^ S. or 12° below the ecliptic. 

The sun enters this 8ig7i on the 22d of November, but does 
not reach the constellation before the 7th of Decemoer. 

It occupies a considerable space in the southern hemispherei 
and contains a number of subordinate, though very conspicu- 
ous stars. The whole number of its visible stars is sixty- 
nine, including five of the 3d magnitude, and ten of the 4th. 

It may be readily distinguished by means of five stars of 
the 3d and 4th ma^rnitudes, forming a figure resembling a 
little short, straight-handled Dipper, turned nearly bottom up> 
wards, with the handle to the west, familiarly called the 
Milk' Dipper, because it is partly in tlxe Milky- Way. ^ 

This httlf fi^^e is so conspicuous that it cannot easily be 
mistaken. It is situated about 33° E. of Antares, and comes 
to the meridian a few minutes after Lyra, on the 17th of Au- 
gust Of the four stars forming the bowl of the Dipper, the 
two upper ones are only 3° apart, and the lower ones 5°. 

The two smaller start Ibrmh 
and the easternmost one in the 
The star in the end of tlie handle, 
of Sagittarius, just within the Millcy- Way. LAutbda inay otherwise be Icnown 
by its being nearly in a line with two other stars about 4i° apart, extending to- 
wards the 8. E. It is also equidistant from Phi and Delta, with which it niakea 
a handsome triangle, with the vertex in Lambda. About 6^ above Laml>da, and 
% little to the west, are two stars close together, in the end of the bow, tlie blights 
est of which is of the 4th magnitude, and marked Mu. This star serves to prhil 
out the winter solstice, being about 2^ N. of the tropic of Capricorn, and hm 
Uian one degree east or the solstitial colure. 

If a line be drawn from Siguia through Phi, and produced about 6^^ fiirther to 
fhe west, it will point out Delta, and produced about 3^ from Delta, it will point 
out Gamma ; stars of the 3d magnitude, in the arrow. The latter is in tlie point 

Wha: Is the onier in the Zodiuc, of Sagittarius? How is it situated? Wlten does 
Ih? sun apiiear to enter this constcDatlon? What are Its extent and appeantnce? Wlat 
are tlie number and majmltude of its stars? How may it be readily di<«tineuishedl 
What is this figure called, and why? Where Is this flmire to be found, and when is It 
>n the meridian? How (At apart are the two upper stars In the bowl of the Dipper I 
llnw far nimrt are the two lower ones? Describe the taan in the handle. Deeerihe t/U 
poaitinn qf Lambda*' How may Lmnhda be othertoiee krnoton 7 With what athAr etan 
doea itjbnn a handaottie trianeU ? Devcribe the poaition ofMu. Iloio may Delta and 
tmrnmabepointeioutf 
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til' lite arrow, and may be known by means of a Bmall star just above U. on the 
rigi.i Tnis t»tar is so nearly on the sauie merirtian with Etanin, in Uie head oi 
Draco, that it culminates only two minutes after it. 

A few other conspicaoua stars in this constellatioii, forming a variety of coo> 
flaetrical figures, may be easily tiaced from the ju^ 

DisTOHY.— This constellation, it is said, commemorates the famous Centaor 
Chiron, son of Philyra and Saturn, who changed himself into a horse, to' eluda 
die iealoas inquiries of his wife Rhea. 

Chiron was lauioua for his knowledge of music, medicine, and shooting. H« 

taught mankind the use of plants and medicinal herbs ; and instructed, in all the 

polite arts, the greatest heroes of his age. He taught ^sculapius physic: 

ApoUo music ; and Hercules astronomy ; and was tutor to Achilles, Jason, and 

Gneas. According to Ovid, he was slain by Hercules, at the river Evenua, for 

-ffering indignity to his newly married bride. 

" Thou monster double shap'd, my right set free — 
Bwift as his words, the latal arrow flew : 
The Centaur's back admits the feather'd wood, 
And through his breast the barbed weapon stood; 
Which, when in anguish, through the tlesh he tore, * 

From both the wounds gush'd lorth the spumy gore." 

The arrow which Hercules thus sped at the Centaur, having been dipped fei 
Jie blood of the Lemsan Hydra, rendered the wound incurable, even by th« 
fiUher of medicine himseli; and he )>egged Jupiter to deprive him of immortaIity| 
If thus he might escape his excruciating pains. Jupiter granted his request, and 
Oanalated him to a place among the constellationc. 

''Midst golden stars he stands refulgent now. 
And thrusts the scorpion with his bended bow." 

This Is the Grecian account of Sagittariup ; but as this constellation appears oa 
Che ancient zodiacs of Egypt, Dendera, Esne, and hidia, it seems conclusive that 
the Greeks only borrowed the figure^ while they invented the fable. This ia 
knovm to be true with respect to very many of the ancient constellationa. 
Hence the jargon of the conflicting accounts which have descended to ua. 



AaUtLA, ET AI/tIISOUS. 

The Eagle, and Antinoos. — This double constellation is 
sknated directly south of the Fox and Goose, and between 
Taurus Poniatowski on the west, and the Dolphin, on the 
east. It contains seventy-one stars, including one of the 1st 
magnitude, nine of the 3d, and seven of the 4th. It may be 
readily distin^ished by the position and superior brilliancy 
of its principal star. 

Allair, the principal star in the Eagle, is of the Isi, or be- 
tween the 1st and 2d magnitudes. It is situated about 14<> S, 
W. of Dolphin. It may be known by its being the largest 
and middle one of the tnr^ bright stars which are arranged 
in a line bearing N. W. and S. E. The stars on each side 
of Altair^ are of the 3d magnitude, and distant from it about 
29, This row of stars very much resembles that in the 
Guards of the Lesser Bear. 

Ho» i* Qamma tUvated with reepeet to Btanin ? In what part of the heavens is the 
Bagle situated? What are the number and ma^itutle of its stars 7 How Is it di&tin* 
gaUhedl Describe its principal star. How may it be known? What is the magiiltnda 
of *lie stars on each side of Altalr? How far distant from It are they 1 What row ri 
^-'v docs this row resemble 7 

n* 
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Altair is one of the stars from which the moon's distanoi 
is taken for computing longitude at sea. Its mean declination 
is nearly 8^^ N., and when on the 'meridian, it occapiei 
nearly the same place in the heavens that the sun does at 
noon on the 12th day of April. It culminates about 6 minutes 
before 9 o'clock, on the last day of Au^stt It rises acrony* 
cally about the beginning of June. 

Ovid alludes to the riising of tbVs constellation ; or, more probably, to that •# 
'iie principal star, Altair: — 

"Now view the skies, 

And you'U behold Jove's hook'd-biU bird arise." 

" Among thy splendid group 

Onb dubious whether of the sbcond rank, 
Or to the Fntsr entitled ; but whose claim 
' Beems to deserve the Fntsr.'-' 

Budotia. 

The northernmost star in the line, next above Altair, is called Tainted. In 
the wing of the E^le, there is another row composed of three stars, situated 4® 
or 5° apart, extending down towards the soupiwest ; the middle one in this line 
is the wiiailest, beinc only of the 4th niagnltdde ; the next is of the 3d magnitodo^ 
marked Deita^ and situated 8^ S. W. of Altair. 

As you proceed from Delta, there is another line of three stars of the 3d mag 
nitude, between 5° and 6° apart, extendlns southerly, but curving a little to the 
west, which mark the youtn Antinous. The northern wing of the Eagle is not 
distinguished by any conspicuous stars. 

SSeta and EpnUm^ of the 3d magnitude, situated in the tail of the Eagle, are 
about 2" apart, and 12^ N. W. of Altair. . The last one in the tail, marked Epsl- 
luH, is on the same meridian, and culminates the same moment witli Gamma, In 
the Harp. 

From Epsilon, in the tail of the Eagle, to Theta, in the wrist of Antinous, may 
be traced a long line of stars, chiefly of the 3d magnitude, whose letter namee 
are Theta, Eta, Mu, Zeta, and Epoilon. The direction of this line is from S. E. 
to N W., and its length is about 2[>^. 

Eta is remarkable for its changeable appearance. Its greatest brightness coik 
dnues but 40 hours ; it then gradually dlmini^bes for 66 hours when its lustre 
remains stationary for 30 hours. It then waxes brighter and brighter, until H 
appears ag:iin as a star of the 3d magnitude. 

From these phenomena, it is inferred that it not only has spots on its surftM^ 
Ske our sun, but that it also turns on its axis. 

Similar phenomena are observable in Algol, Beta, in the Hare, Delta, in Ce> 
oheus, and Omicron, in the Whale, and many others. 



-" Aquila the next, 



Divides the ether with her ardent wing : 
Beneath the Swan, nor far from PegasuSf 
PoBTiG Eaolb." 

HxsTORT.— Aquila, or the Eagle, is a constellation usually joined with Antinnua. 
Aquila, is supposed to have been Merops, a king of the island of Coh, in the Ar> 
ehipelago, and the husband of Clymene, the yinther of Phaeton ; this luonaich 
having oeen transformed into an eagli;, and placed among the conslellatione. 
Borne have imagined that Aquila was the eagle whose form Jupiter atwiuned 
when he carried away Ganymede ; others, that it represents the eagle which 
brought nectar to Jupiter while he lay concealed in the cave at Crete, lo avoid 

Of what Importance Is this star at sea? What is' Its declination 7 What place doee 
It occupy In tne heavens when on the meridian, an«l when does It niJralnate7 MTicn 
does it rise acronycally? Deteribe the poeitUm cfTaraxM. Detcrihe the rmo ^fstmn 
In the toing 4^ the Bogle. Deeeribe the rmo vf etan wnieh mark the youth Antwota, 
VHuu stars ta the northern toing ) Describe Zeta and Kpatlon. When is Ep^lon on 
ihtmmldkm 7 What Umg itne qf stars terminates at Epsilon 7 What are the dirts' 
iStJSSkX'S^ 4r<M* ^<M«7 Describe the remarkabte appearance vf Exa. Whtii U 



t. 
t 
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Ih0 ftny of his fiitfaer. Saturn. Bome of ihe ancient poets k&y, that this i/t Hm 
ilfle which fumiahcd Jupiter with weapons in his war with the giants:— 

**The tow'ring Eagle next doth boldly soar, 
As if the thunder in his claws he l>ore ; 
He's worthy Jove, since he, a bird, supplies 
The heaven with sacred bolts, and arms the skies." 

Manittiu, 

Th€ eagle Is justly styled the "sovereign of birds," since he is the largest, 
strongest, and swiftest of all the feathered tribe that live by prey. Homer calto 
die esgle, ^ the strong sovereign of the plumy race ;" Horace ilyles him— 

"The royal bird, to whom the king of heaven 
The empire of the feather'd race has given :" 

And Milton denominates the eagle the "Bird of Jove." Its sight isqulek. 
tttODg and piercing, to a proverb : Job xxix. 2d, &c. 

*< Though strong ^e hawk, though nractis'd weUto fly, 
An eagle drops her in the lower sky ; 
An eagle when deserting human sight, 
Bhe seeks tlie sun in her unwearied flight ; 
Did thy command her yellow pinion lift 
So high in air, and set her on tne clift 
Where far at>ove thy world she dwells alone, 
And proudly makes the strength of rocks her own ; 
Thence wide o'er nature* takes her dread survey, 
And with a glance predestinates her prey ! 
Bhe feasts her young with blood ; and hovering o'er 
Th' unslaughter'd host, enjoys the promls'd gore." 

ANTINOUS. 

Antb ous is a part of the constellation Aquila, snd was invented by Tycho 
Wnht. Antinous was a youth of Bithynia, in Asia Minor. So greatly was bis 
oealli *amented by the emperor Adrian, that he erected a temple to his memory 
MtA boat in honour of him a splendid city, on the banks of the Nile, the rains of 
v>A(iii are still visited by travellers with much interest 



CHAPTER XI. 



JIBECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE 09 

THE MERIDIAN IN SEPTEMBER. 

delph/nus. 

The Dolphin. — This beautiful little cluster of stars is sit- 
uated IS^' or 14^ N. £. of the Eagle. It consists of eighteen 
stars, including fivre of the 3d magnitude, but none larger. It 
is easily distino^uished from all others, by means of the four 
principal stars m the head, which are so arranged as to form 
the figure of a diamond, pointing N. E. and S. W. To many, 
this cluster is known by the name of Job^a Coffin ; but from 
"virhom, or from what fancy, it first obtained this appellation^ 
is not known. 

Wliere is tUe constellation Delphlnus situated? What are the nnmher and magal* 
toJe of Its starsf How is this constellatlnn disUnsaished tmm all othersi WlHt hiip 
colar nams Is sometimes clven to this cluster, ana whenoe was tt deiivadi 
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There is another star of the 2d magnitude, situated in the 
body of the Dolphin, about 3^^ S. W. of the Diamond, and 
marked Epsilon. The other four are marked Alpha, BeiCLy 
Gamma, Delta, Between these are several smaller stars, too 
small to be seen in presence of the moon. 

The mean declination of the Dolphin is aboat 15^ N, 
It comes to the meridian the same moment with Deil^b 
Cygti, and about 50 minutes after Altair, on the 16th of 
September. 

"Thee I behold, majestic Cygnua^ 
On the marge dancing of the heavenly sea, 
Arion'a friend ; eighteen tliy stars appear — 
One telescopic." 

HzBTORT.— Tlie Dolphin, according to some mythologists, was made a consM* 
lation by Neptune, because one of these beautiful fishes had perstuded the god* 
dess Amphitrite, who had made a vow of perpetual celibacy, to become the wife 
of ihsSL deity ; but others maintain, tliat it is the dolphin which preserved the 
famous lyric poet and musician Arion, who was a native of Lesbos, an island in 
the Archipelago. 

He went to Italy with Periander, tyrant of Corinth, where he obtained immense 
riches by his profession. Washing to revisit his native country, ttie sailors of 
the ship in which he embarked, resolved to murder him, and get possession of 
his wealth. Seeing them immoveable in their resolution, Arion beK£Bd permis 
sion to play a tune upon his lute before he should be put to death. The melo^ 
of the instrument attracted a number of dolphins around the ship ; he immea 
ately precipitated himself into the sea ; when one of them, it is asserted, cairietf 
him safe on his back to Tenarus, a promontory of Laconia, in Peloponnesus ; 
whence he hastened to the court of Periander, who ordered aU the sailors to b* 
crucified at their return. 

"But, (past belief,) a dolphin's arched back 
Preserved Ariou from his destined wrack ; 
Becure he sits, and with harmonious strains 
Requites his bearer for his friendly pains." 

When the famous poet Hesiod was murdered in NaupactnnK a city of JEtoU^ 
In Greece, and his body thrown into the sea, some dolphins, it is stud, broughr 
back the floating corpse to the shore, which was immeaiately recognised by nil 
friends ; and the assassins beins afterwards discovered by the dogs of the d^ 
parted bard, were put to death, by immersion in the same sea. 

Tarns, said bv some to have been the founder of Tarentum, now Tarento^ !■ 
the south of Italy, was sav^d from shipwreck by a dolphin ; and the fnhabitaats 
of that city preserved the memory of this extraordinary event on their coin. 

The natural shape of the dolphin, however, is not incurvated, so that one 
might ride upon its back, as the poets imagined, but almost straight When tt 
is first taken from the water, it exhibits a variety of exquisitely beautiful but 
evanescent tints of colour, that pass in succession over its t)oay until it dies. 
They are an extremely swift-swimming fish, and are capable of living a long 
time oat of water ; in fact, they seem to delight to gambol, and leap out of their 
naive element. 

" Upon the swelling waves the dolphins show 
Their bending backs ; then swiftly darting go^ 
And in a thousand wreaths their bodies snow." 



CYGNUS. 

The Swan. — This remarkable constellation is situated ui 

•he Milky- Way, directly E. of Lyra, and nearly on the same 

f — ■ ■ ■ 

Iflenaon some o*.her stars In the Dolphin, What is the mean declination of the Del' 
^Mn. and when is it on the meridian; in what part of the heavens Is the confltellti>h> 
Tuus situated) 
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meridian Tvith the Dolphin. It is represented on outspread 
wings, flying down the Milky- Way, towards the southwest. 

The principal stars which mark the wings, the body and 
the bill of*Cygnus. are so arranged, as to form a large and 
regular Cross; tne upright piece lying along the Milky- 
Way from N. E. to S. W., while the cross piece, repre- 
senting the wings, crosses the other at right angles, frpm 
8. E. to N. W. 

Af^ded, or Dertth Cygni, in the body of the Swan, is a 
star of the 1st magnitude, 24t^ E. N. E. of Lyra, and 30<^ di- 
rectly N. of the Dolphin. It is the most brilliant star in the 
constellation. It is situated at the upper end of the cross, 
and comes to the meridian at 9 o'clock, on the 16th of Sep- 
tember. 

SatPr^ is a star of the 3d majmitude, 6° 6 W. of Deneb, situated exactly in th* 
cross, or where the upright piece intersects the cross piece, and is al>out 20^ & 
of Ljra. 

Delta, the princtpal star in the west wing, or arm uf the cross, is situated N. 
W. of Sad'r, at the distance of little more than 8^, and is of the 3d magnitude. 
Bejond Delta, towards the extremity of the wing, are two smaller stars about 5^ 
apart, and inclining .a little obliquely to the north ; the last of which reaches 
nearly to the first coil of Draco. Ttiese stars marlc the west wing ; the ea<<t wing 
max be traced by ujeans of stars very similarly situated. 

Qiepah^ is a star of the 3<1 magnitude, in the east wing. Just as (ar east of 8«dPr 
4n the centre of tiie cross, as Delta is west of it This row of three equal star% 
Delta, Sad'r. and Gienah, form the bar of the cross, and are equidistant from 
each <>(her, being about 8^ apart. Beyond Gienah on the east, at the distance of 
50 or 7° there are two other stars of uie 3d magnitude ; the last of which mark* 
ihe extremity of the eastern wing. 

The attars m the neck are all too small to be noticed. There is one. however, 
In the beak of the Swan, at the foot of the cross, called AUn^ep, which is of fhe 
8d DMgniluda, and can be seen very plainly. It is about 16° S. W. of Sad'r, and 
■bout the same distance S. E. of Lyra, with which it makes nearly a riglit angle. 

**In the small space between Sad'r and Albireo," says Dr. Herschei, ^ the stars 
in the Milky- Way seem to be clustering into two separate divisions ; each oivi- 
Sk>a containing more than one hundred and sixty -Jive thousand stars." 

Albireo bears northerly from Altair about 20°. Immediately south and tonOv 
east of Albireo, may be seen the Fox and Goosb ; and about midway between 
Aibireo and Altair, there may be traced a line of four or five minute surs, called 
the Abrow ; the head of which is on the 8. W., and can be distinguished bf 
means of two stars situated elose together. 

According to the British catalogue, this constellation con- 
tains eighty-one stars, including one of the 1st or 2d mag* 
nitude, six of the 3d, and twelre of the 4th. The author 
of the following beautiful lines, says there are one hundred 
and seven. 

"Thee, silver Swan, who, silent, c^n o'erpass? 
A hundred with seven radiant stars compose 
Thy graceful form : amid the lucid stream 



How Is it represented? What remarkable flfnire is fbrmed by its principal stars 1 
Describe the position and appearance of Arided, or Deiieb Cygni. when does it cul- 
mioateatio^lockl Describe the position qfSaSr. Deserite Deita. Whatetnrtb^ 
yond Delta 7 What ttarn in the east wing 7 What mars form the bar of the cross/ 
WIM stars bevond Gienah on the east ? Describe the stars in the nedt ami bUl qf the 
0mm. How is the star in the biU situated with respect Jo Sad'r and Lyra l What 
fiwifnn south end southeast qf AMreo 7 Wh-U are the number and magniiudL of the 
•laaiatheDwani 



190 PICllJRE OF THE BEAYENH. | SBTA 

Of the fair Milky- Way distineuisnM ; om 

Adorns the second order, wliere she cutii 

The waves that follow in her utuiottt track ; 

This never hides its fire throughout tite night, 

And of the restj the more conspicuous mark 

Her snowy pinions and refulgent neck.'* — EudonOf b. It. 

Astronomers have discovered three variable stars in the Swan. Chi^ situated 
Li the neck, l-etween Beta and Sad'r, was first observed to vary its brightne«% 
in IG86. Its periodical changes of light are now ascertained tc be completed in 
105 days. StuPr is also cliangeable. Its greatest lustre is somewhat less than that 
of a star of the 3d magnitude, and it gi-adually diminishes till it reaches that of 
the 6th. Its changes are far from being regular, and, from present observational 
they do not seem to recur till after a period of ten years or more. 

A third variable star was discovered in the head on the 20th of Jcne^ 1670, by 
Anthelme. It appeared then to be of the 3d magnitude, but was so far diminished 
in the following October, as to be scarcely visible. In the beginning of ApriL 
1671, it vras agiun seen, and was rather brighter than at firsL After severaj 
changes, it disappeared in March, 1672, and has not l>een observed since. 

These remarkable facts seem to indicate, that there is a brilliant planetary 
system in this constellation, which, in some of its revolutions, becomes visible 
fee us. 

History.— Mytholojglsts give various accounts of tne origin of this constell^ 
tion. Some suppose it is Orpheus, the celebrated musician, who, on being mur- 
dered by the cruel priestess of Bacchus, was changed into a Swan, and placed 
near his Harp in the heavens. Others suppose it is the svran into Avhich Jupiter 
transformed himself when he deceived Leda, wife of Tyndarus, kins of Sparta. 
f3ome affirm that it was Cicnus, a son of Neptune, who was so coropretelv invul- 
nerable that neither the javelins nor arrows, nor even the blows of Achilles^ ia 
furious combat, could make any impression. 

"Headlong he leaps from off his IoAy car, 
And in close fight on foot renews the war;— 
But on his flesh nor wound nor blood is been, 
The sword itself is blunted on the skin." 

But when Achilles saw that his darts and blows had no effect on him, he iiB> 
mediately threw nim on the ground and smothered him. While he was attempt 
lug to despoil him of his armour, he was suddenly changed into a swan. 

"With ea^er haste he went to strip the dead ; 
The vanish'd body from his arms was fled. ' 

His seagod sire, t' immortalize his fame, 
Bed tum'd it to a bird that bears his name." 

According to Ovid this constellation took its name from Cygnus, a relatire of 
Phaeton, who deeply lamented the untimely fate of that youth, and the mebn* 
choly end of h^i sisters, who, standing around his tomb, wept themselves into 
wolai-s. 

"Cicnus beheld the nymphs transibnn'd, allied 
To their dead brother on the mortal side, 
In friendship and affection nearer bound ; 
He left the cities, and the realms he own'd, 
Through pathless fields, and lonely shores to renge { 
And woods made thicker by the sisters' change^ 
Whilst here, within the dismal gloom done, 
The melancholy monarch made his moan ; 
His voice was lessen'd'as he tried to speak, 
And issued through a long-extended neck: 
His hair transforms to down, his fingers meet 
In skinny films, and shape his oary feet ; • 

From both his sides the wings and feathers break : 
And from his idouth proceeds a blunted beak : 
Ail Cicnus now into a swan was tum'd. " — Ovid?»Met. b. li 

Wh0* -variable tart hav. astronomers discovered in this consteJlation 7 ' WMeh ^f 
that* was Arst diseovered to be variable in 1686 i In what veriod are its periodimi 
vl ltm g es (ff light completed 1 Describe the appearance (if Sad'r. DescnbetMim§4h- 
coHred in \6^Q, What do these remarkable facts indicate? 
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Vifgil, alffo, in the 10th book of his iEneid, elludes to the aune &ble >• 

"ForCicnus loved unhappy Pliaetou, 
And sung his loss in poplar groves alone^ 
Beneath the sister shades to sooth his frief ; 
Heaven heard his song, and hasten'd his reUef ; 
And changed to snowy plumes his hoary hair, 
And wing'd his flight to sing aloft in air." 

Of an (he feathered race, there is no bird, perhaps, which makes so beantiAri 
aond majestic an appearance as tlie swan. . Almost every poet of eminence ha« 
tAkcn notice of it The swan has, probably, in all ages, and in every country 
where taste and elegance have been cultivated, been considered as the emblem 
of poetical dignity, purity, and ease. By the ancients it was consecrated to Apollo 
nnd the Muses ; they also entertained a notion that this bird foretold its own onii^ 
and nag more sweetly at the approach of death. 

■■ " She, like the swan 
Expiring, dies in melody." — JEtchyhu. 

*8o on the sliver stream, when death is nigh, 
The mournful swan sings its own elegy." — Ovid^ Trfstia. 



CAPRICORNUS. 

The Goat. — This is the tenth sign, and eleventh constel- 
lation, in the order of the Zodiac, and is situated south of the 
Dolphin, and next east of Sagittarius. Its mean declination 
is 20^ south, and its mean ri^ht ascension, 310°. It is there- 
fore on the meridian about the 18th of September. It is to 
be observed that the first point of the sign Capricorn, not the 
constellation^ marks the southern tropic, or winter solstice. 
The sun, therefore, arrives at this point of its orbit the 21st 
of December, but does not reach the constellation Capricorn 
\mtil the 16th of January. 

The sun^ havinsp now attained its utmost declination south, 
after remaining a few days apparently stationary, begins once 
more to retrace its progress northwardly, affording to the 
wintry latitudes of the north, a grateful presage of returning 
spring. 

At the period of the winter solstice, the sim is vertical to 
the tropic of Capricorn, and the southern hemisphere enjoys 
the same light and heat which the northern hemisphere en- 
joys on the 21«t of June, when the sun is vertical to the tropic 
or Cancer. It is, at this period, mid-day at the south pole, 
and midnight at the north pole. 

The whole number of stars in this constellation is fifty 
one ; none of which are. very conspicuous. The three largest 
are only of the 3d magnitude. There 'is an equal number 
of the 4th. 

Where Is Caprlcomus situated? What are its mean right ascension and declinatiotif 
When Is the main body or the constellHtlon on the meridian 7 When does the sun enter 
the wtgn, and when the eoruteUation Capricorn 1 Does the sun ever extend beyond 
this fNiint Into the southern hemisphere 7 Wliat is the position of the sun with rs* 
5|jert to the tmpic of Capricorn, at the winter solstice, and what are the seasonsln 
trte two hemiapheres? what are the number and roagnituiie of the Htars In tl\is m^r 
'xelUtlon' W^ 
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The head of Capricorn may be recognised by means of 
two stars of the 3d magnitude, situated a little more than 2^ 
apart, called Gi^di and Ddbiht They are 28^ from the Dol- 
phm^ in a southerly direction. 

Giedi is the most northern star of the two, and is double. 
If a line be drawn from Lyra through Altair, and produced 
about 23*^ farther, it will point out the head of Capricorn. 
These two stars oome to the meridian die 9th of September, 
a few minutes after Sadh-, in Cygni. 

A few other stars, of inferior note may be traced out b| 
reference to the maps. 

The sign of the Groat was called by the ancient oriental 
ists the " Southern gate of the Sun," as Cancer was denom 
inated the "Northern gate." The ten stars in the sign Ca 
pricom, known to the ancients by the name of the "Towel 
of Gad," are probably now in the constellation Aquarius. 

HiSTORT. — Capricomus is said to be Pan, or Bacchus, who, with some other 
■deities were feasting near the banks of the Nile, when suddenly the dreadful 
giant T^phon came upon them, and compelled tnem all to assume a diiffereiil 
•hape, m order to escape his fury. OvidjrelateSi 

"How Typhon, from the conquer'd skies, pursued 
Their routed godheads to tlie seven-mouto'd ilood: 
Forced eTery eod, (his fury to escape,) 
Borne beastly form to take, or earthly shape. 
Jove (sings the bard) was chaog'd into a rami 
From whence the horns of Lybian Ammon came. 
Bacchus a goat^ ApoUo was a crow ; 
PhOibe It cat; the wife of Jove a cow, 
Whose hue was whiter than the HaJling snow 
Mercury to aiiasty Ibis turned — 
While Venus from a fish protection craves, 
And once more plunges in her native waves." 

Oa this occasion it is Airther related that Bacchu& or Pui, led the way axid 
plunged into the Nile, and that the part of his body which vras under the water, 
assumed the form of a fish, and the other part that of a goat ; and that to pre 
serve the memorv of this frolic, Jupiter made him into a constellation, in hii 
metamorphosed shape. 

Some say that this constellation vras the goat Amalthea, who supported the in 
ftnt Jupiter with her milk. To r^||rd her kmdnesa, the fother of the godi 
placed her among the constellationmnd gave one of her horns to the nymphs 
who had taken care of him in his infantile years. Tliis gift was ever after called 
die horn of plenty ; as it possessed the virtue of imparting to the holder what- 
ever she aesired.* 

The real sense of this fiible, divested of poetical embellishment, appears to be 
this : that in Cx^ some say In Lybia, there was a small territory shaped veiy 
rnucn like a bullock's horn, and exceedingly fertile, wliich the king presented 
to his daughter Amalthea, whom the poets fei^ed to have been Juimdi's nurse. 

*'The bounteous Pan," as he is styled bv Milton, vras the god of rural scenery 
■hepherds, and huntsmen.* Virgil tnus aadress.e8 him :— 

* On this account the Latin term Cornucopia, denotes plenty, or abundance of good 
things. The word Amalthea, when used figuratively, has also the same meaning. 

Howlnay it be recognised t How are Giedi and Dabih situated with respect to the 
Dolphin ? How are these two stars diathagulshed ftom each other, and what Is their 
uofltion in respect to the Eagle? When are they on our meridian i What were the 
dSis Capricorn and Cancer odglnally called 1 Where axe the tea stars, known k> the 
HRenu by the nataie of the " Tower of Gad," now to be found? 
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* And thou, the shepherd's taltelary |ro<J. 
Leave, for a while, O Pan ! thy toyed acode."* 

riie luune of Pan is derived from a Greek word fAgn\fy\ng aU tking9 ; and bn 
« ud tit'icn considered as the great principle of vegetable and animal life. He !•■ 
tfided cltiell^ in Arcadia, in woods and the most rugged mountains. As Pua 
usually lernfied the inliabitants of the adjacent country, even when he was no- 
where ro be seen, that kind of fear which often seizes men, and which is only 
Meal or imaginary, has received firom him the name of Panic* 



CHAPTER XII. 

OIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 

THE MERIDIAN IN OCTOBER. 

PEGASUS. 

The Flying Horse. — This constellation is represented in 
an inverted posture, with wings. It occupies a large space 
in the heavens, between the Swan, the Dolphin and the 
Eagle, on the west, and the Northern Fish and Andromeda, 
on the east. Its mean right ascension is 340°, or it is situa- 
ted 20° W. of the prime meridian. It extends from the 
equinoctial N. 35°*. Its mean length E. and W. is about 40°, 
and it is sL\ weeks in passing our meridian, viz. from the 1st 
of October to the 10th of November. 

We see but a part of Pegasus, the rest of the animal, 
being, as the poets imagined, nid in the clouds. 

It is readily distinguished from all other constellations by 
means of four remarkable stars, about 15° apart, forming the 
dgure of a square, called the square of Pegasus, The two 
western stars in this square come to the meridian about tht 
23d of October, and are 13° apart. The northern one, which 
is the brightest of three triangular stars in the martirigale, is 
of the 2d magnitude, and is called Scfieat, Its declination is 
26$^ N. MarkaJb^ also of the 2d magnitude, situated in the 
bead of the wing, is 13^^ S. of Scheat, and passes the meri- 
dian 11 minutes after it. 



* Pales, the female deity corresppndhig to Pan, was the goddess of sheepfolds and 
ef iNuitaxes among the Romans. Thus Vurgll :— 

" Now, saored Pales, in a lofty stzalni 
I sing the zunU honours of thy reign.*' 

The shepherds oflbred to this goddess milk and honey, to gain her protection over 
Iheir flocks. She is representea as an old ^oman, and was worship ed with great 
solemnity at Rome. Her festivals which were called PniiUa, were celebnitdi on tho 
ttth of April, tbe day on which Romulus laid the fouD«laiions of the city. 



How is Pegasus represented? What space and position does it occvpf in the hea^ 
ens J What are the distance and direct' '" ' ^ •" - 

What are its mean length and breadth? 



ens 1 What are the distance and direcuqa of it« centre ftom the prime meridiani 

How loQg is it in passing our meridiant 
When does it pass the meridian? How is this routeliation distinguished l^ora aik 



Tthu* 9 Doscnbe the two s tars whish form the went side of the sauarat 

12 
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The two stais which forai the eastern side of the square^ 
come to the meridian about an hour after those in the western. 
The northern one has abeady been described as Alpheratz 
in the head of Andromeda, but it also belongs to this c« «nstel* 
lation, and is 14^ E. of Sch€at. H° S. of Alpheratz, is Al- 
genib, the last star in the wing, situated 16^° E. of Ma kab. 

AJgeniby in Pegasus, Alpheratz^ in Andromeda, and Caph in Cassiopei i are 
titoated on the prime meridian, and point uut its direction Uirough the pole. For- 
this reason, they are sometimes called the three gnidee. They fonu an arc of 
that great circle in the heavens from which the distances of all the heavenly bo* 
dies are measured. It is an arc of the equinoctial colure which passes throu|^h 
the vernal equinox, and which the sun crosses about tne 2l8t of March. It is, id 
astronomy, what the meridian of Greenwich is in geography. If the sun, or a 
planet, or a star, be said to have so many degrees of right ascension, it uieana 
that the sun or planet has ascended so many degrees from this prime meridian. 

Enif^ sometimes called Enir. is a star of the 3d magnitude in the nose of Pe* 
gasus, about 20^ W. S. W. of Marlcab, and halfway between it and the Dolphin. 
About \ of the distance from Markab towards Enif, but a little to the S., titere is 
a star of the 3d magnitude situated in the neck, whose Utter name is Zeta. The 
loose cluster direcUy 8. of a line joininc Enif and Zeta, forms the head of Pe- 
gasus. 

In this constellation, there are eighty-nme stars visible to 
the naked eye, of which three are of the second magnitude 
and three of the third. 

HisTORT.— This, according to fable, is the celebrated horse which sprung from 
the blood of Medusa, after Perseus had cutoff her headi He received his name 

according to Ilesiod, from his being bom near the sources (j^ny^ft Pege) of the 
ocean. According to Ovid, he fixed his residence on Mount Helicon, where by 
striking the earih with his foot he raised the fabled fountain called Ilippocrene. 
He became the iavourite of the Muses ; and being tamed by Neptune or Mi> 
nerva, he was given to Bellerophon, son, of Glaucus, kin^ of Ephyre, to aid him 
in conquering the Chimsera, a nideous monster that contmually vomited flames. 
This monster had three heads, that of a lion, a goat, and a dragon. The fore 
pans of its body were those of a lion, the middle those ef a goat, and the hinder 
those of the dragon. It liyed in Lvcia, of which the top, on account of its deso- 
late wilderness, was the resort of lions, the middle, which was fruitful, was cov- 
ered with goats, and at the bottom, the marshy ground abounded with serpents. 
Bellerophon was the first who made his habitation upon it 

Plutarch thinks the Chimeera was the captain of some pirates who adorned 
Ihfeir ship with the images of a lion, a goat, and a dragon. 

After tne destruction of this monster, Bellerophon attempted to Ay up to hea- 
ven upon Pegasus ; but Jupiter was so displeased at this presumption, that he 
lent an insect to stinjg the tiorse, which occasioned the melancholy fiill of his 
rider. Bellerophon fell to the earth, and Pegasus continued his flight up to h«i> 
ven, and was placed by Jupiter among the constellations. 

*'Nowheav'n his further wand'ring flight confines, 
Where, splendid with his numerous stars, he shines." 

Ovid's I\uti 



EauuLus, VEL Earn sectio. 

The Little HoRsr, or the Horse's Head. — This Aste- 
nsm, or small cluster of stars, is situated about 7^ W. of 
Eni^in the head of Pegasus, and about halfway between it 

Describe Ulktwo on the east side. Wh^ is the name of the star In the N. E. r.orrer 
of the sqiianeT In the 8. E. comer? In Wi S. W. corner? In the N. W. corner .' He- 
scribe the position and magnftude cf Enff. What Is the whole .number of stun in 
Pegasus 1 what 's the magnitude of the principal ones i Describe the situaU ai ctf jm 



th4. Lime Hor# 



mir u I AQOiBiDs. 135 

and the Dolpnin. It is on the meridian at 8 o'clock, on the 
lich of October. It contains ten stars, of which the tour 
principal are only of the 4th magnitude. These may be 
readily distinguished by means of the long irregular square 
which they form. The two in the nose, are much nearer to- 
gether than the two in the eyes ; the former being 1° apart, 
and the latter 2^°. Those in the nose are uppermost, beinff 
4<> N. of those in the eyes. This figure also is m an invertm 
position. These four stars are situated 10° or 12^ S. K. of 
the diamond in the Dolphin's head. Both of these clusters, 
are noticeable on account of their figure rather than their 
brilliancy. 

History.— Ttiis constellation is supposed tn be the brother of PeKasui. named 
Celerin, given bv Mercury to Castor, who was so celebrated for his skill in the 
iuunHir,>uient of horses ; others take him to be the celebrated horse which Nep* 
aine struck out of the earth with -liis trident, when he disputed with Minerva ior 
superiority. The head only of Celeris is visible, and this, also^ is represented 
in an inverted position. 



AaUARIUS. 

The Water-Bearer. — This constellation is represented 
hy^ the figure of a man, pouring out water from an urn. It is 
Situated in the Zodiac, immediately S. of the equinoctial, 
and bounded by the Little Horse, Pegasus, and the Western 
Fish on the N., the Whale on the E., the Southern Fish on 
the S. and the Goat on the W. It is now the 12th in order, 
or last of the Zodiacal constellations; and is the name' ^ the 
11th siffn in the ecliptic. Its mean declination is 14^ S. and 
its mean right ascension 335^, or 22 hours, 20 min. ; it being 
1 hour and 40 min. W. of the equinoctial colure ; its centre 
ia, therefore, on the meridian the 15th of October. 

It contains one hundred and eight stars; of which the four 
largest are all of the 3d magnitude. ^ 

"His head, his shoulders, and his lucid breast, 
Glisten with stars ; and where his urn inclinee 
Rivers of light brighten the wat'ry track." 

The northeastern limit of Aquarms may be readily distin- 
guished by means of four stars of the 4th ma^itude, in the 
hand and handle of the urn, so placed as to form the letter 
Y, very plainly to be seen, 15? S. E. of Enif, or 18° S. S, 
Vf. of Markab, in Pegastis ; making with the two latter nearly 
a right angle. 

When is it on the meridian? What is the whole number of Its stars 7 What is the 
magnituile of the prlnciiial ones? How mny the princi)ml stars be dlstln/nilsledl 
How are the two in the nose distlnguisheil from the two in the eyes 7 What arypnr 
distance and dlrealon flrom the Dolphin 7 On what account are these clusters nORev 
Met How is Aqvnrius represented? Where is It situated? What is its Hesei.t oixler 
among the constellations of the Zodiac? Wl4i»re its right as^nsion and decHnattonl 
Vhat is the whole number of its stars? WlRit is the ma«mltu«te of the prtnclfal oneif 
How may the N. E. limit of Aquarius he readily dlstin^l^hed? What are the 41fftlinffe 
and dira ;tioii of this letter Y, irom MariEob and Enif« in Pofasus? 
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A1)oat 4p ^ . of this i^re it Bl MeUk^ a star of the 3d muniitade. iii the E 
ihoultier, and the princlpu one in this constellation. 10° l^ W, of El Meliitj is 
tnotlier star of the same imgniiude, situated in the W. shoulder, called Sad es 
Saudr 

Anoha of the 4th maguitude, is in the right side, 2P B. of El MeUk. 9^ E. of 
Anclia, is another star of the 4th maniitude, whose letter name is Lambda. 

Sckeat. of the 3d magnitude, lying below the Icnee, is situated 6^° 8. of Lamb- 
da ; and li^ S. of Scheat, the brilliant star FomalhauL* of between the Ist and 
2d magnitudes, termmates the cascade in the mouth orthe Southern Fish. This 
star is coumion to both these constellations, and is one of tnose from which the 
lonar distance is computed for ascertaining the longitude at sea. It culminates 
at 9 o'clocit on the 2^ of October. 

Fomalhaut,* Deneb Kaitos. and Alpha in the head of the Phosniz, make a lam 
triangle, whose vertex is in Deneb Kaitos. Those two stars of the4ih roa4(nitude, 
situatea 4° S. of Sad es Baud, and nearly the same distance from Ajielia, are In 
the tail of Capricorn. They are about 29 apart The western one is called 
Deneb Algedi. 

The rest of the stars fai the cascade are quite small ; they mair be tracet' from 
the letter Y, in the urn, in a southeasterly direction towards Uie tail of Celus, 
from which the cascade suddeidy bends off near Scheat, in an opposite course^ 
and finally dis^pearsi in the mouth of the Southern Fish, 20P S. or Y. 

lIiSTWtY.— This constellation is the finnous Ganymede^ a beautiful youth of 
Phrygia, son of Tros, lEing of Troy, or, according lo Lucian, son of Dardanua. 
He was taken up to heaven by Jupiter as he was tending his father's flocks on 
Mount Ida, and became the cupbearer of the gods in place of Hebe. Tiiere are 
various opinions, however, among the ancients respecting its origin. Some sup- 
pose it represents Deucalion, who was placed among the stars after the ceiebra* 
ted deluge ofThessaly, 1600 years before the birth of our Saviour; wliile others 
think it designed to commemorate Cecrops, who came from Egypt to Greece^ 
founded Athens, established science, and introduced the arts of polished life. 

The ancient Egyptians supposed the setting or disappearance of Aquaritua 
eaused the Nile to rise, by tiie sinking of his urn in the water.— In the Zodiac of 
the Hebrews, Aquarius represenu the tribe of Reuben. 
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The Southern Fish. — This constellation is directly S. of 
Aquarius, and is represented as a fish, drinking the water 
which Aquarius pours from his urn. Its mean declination is 
31^ S. and its mean right ascension and time, of passing the 
meridian are the same as those of Aquarius, and it is seen on 
the meridian at the same time ; yiz., on the 15th of October. 
It contains 24 Tisible stars, of which one is of the 1st magnt- 
tude or between the 1st and 2d, two are of the 3d, and five of 
the 4th. The first and most beautiful of all is FomcU/uuUy 
situated in the mouth. This is 14^ directly S. of Scheat in 
Aquarius, and may be seen passing the meridian low down 
in the southern hemisphere, on the 22d and 23d of October* 

* Pronounced Fo-nuhlo. 

What Is the name of the principal star In this crnistellatlon} What U itt petition} 
What $tar in the W. ehowdert Deneribe the Htuation ofAneha. WJuu i* thejto*^^ 
tifmgf 8e/uat and Pomathaut ? To what eoneteUatione u FonuUhaut common 7 (ij 
wharmautieal importance i$ it? When doe» it cuhmnate? With what other arntH 
does it form C ktrge trianglel How m^v you trace the stare in the caacade ? Dcs.Tit ■*• 
£he situation and njLipeaFance of the Soultem Fisii. What are its mean riffhtasceii>i<>i. 
and declination I when is it on the merionin? What is the whole number or its xt.irrf? 
Wliat Is^e magnitude of its principal ones? What are the name and iiositinn (>•' ri-i* 
moii brilUaut star In the constellation! When and wliere does it pass the mcnUiun t 
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ff:< yio^ttion in the heavens has been determined with the 
greatest possible accuracy, to enable navigators to find their 
iuiigitude at sea. ^ 

The mode of doing this cannot be explained here. The problem is one of soom 
difiicuity. It consists in finding the angular distance between some star whose 
position is well known, and the moon when she is passing near it ; also, th» 
altitude of each, at the same instant, with good sextants. These data furnish the 
elements of a spherical triangle, the solution of which, after various intricate 
corrections, is made to result m the longitude of the given place. — See note t§ 
Arietita. In 1714, the British Parliament offered a reward of 10,000 pounds 8ter> 
ling, to any man who should discover a method of determining the longitude 
wiUun 1°, or 60 geographic miles of the truth ; -ISsOOO pounds to the man who 
should find it within 40 miles, and 20,000 pounds, if Ibunu within 90 miles. These 
rewards in part have been since distributed among eminent mathematicians^ ie 
Europe, agreeably to the respective merits of their discoveries. 

History.— This constellation is supposed to have taken its name from the 
transformation of Venus into the shape of a fish when she fled, terrified at the 
horrible advances of the monster Tvphon, as we have related in the mythology 
of the Fishes.— <'S^M PUeea.) 



CHAPTER XIII. 

VARIABLE AND DOUBLE STARS — CLUSTERS — NEBULA 

1. Variable Stars. — The periodical variations of brilliancy 
to which some of the fixed s^ars are subject^ may be reckoned 
among the most remarkable of their phenomena. ^Several 
stars, formerly distinguished by their splendour, have entiiely 
disappeared ; others are now conspicuous which do not seem 
to have been visible to the ancient observers ; and there are 
some which alternately appear and disappear, or, at least, of 
which the light undergoes great periodic changes. Some 
seem to become gradually more obscure, as Delta m the Great 
Bear ; others, like Beta in the Whale, to be increasing in 
brilliancy. Some stars have all at once blazed forth with 
great splendour, and, after a gradual diminution of their light, 
a^ain become extinct. The most remarkable instance of this 
kind is that of the star which appeared in 1572. in the time 
of Tycho Brahe. It suddenly shone forth, in tne constella- 
tion Cassiopeia, with a splendour exceeding that of stars of 
the first magnitude, even of Jupiter and of Venus, at their 
least distances from the earth ; and could be seen, with the 
naked eye, on the meridian, in full day ! Its brilliancy gradu- 
ally diminished from the time of its nrst appearance, and at 
the end of sixteen months, it entirely disappeared, and has 

For what ourpose has Its position been very accurately determined 7 Describe the pe- 
riodical variations of brilliancy to which some uf the fuced stars are subject? Mention 
some of the most remarkable instances of such variations, and des^.ribe Uiero (larUctt^ 
larlj. 

12* 
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never been seen since. (See a more particular acomni of 
this phenomenon, page 40.) 

Another instance of the same kind was observed in 1604, 
when a star of the first magnitude suddenly appeared in thus 
nght foot of Ophiuchus. It presented, like tne former, all the 
phenomena of a prodigious name, being, at first, of a oazzling 
white, then of a reddish yellow, and, lastly, of a leaden paj^ 
ness ; in which its light expired. These instances prove that 
the stars are subject to great physical revolutions. — Pa^e 4L 

A great number of stars have been observed whose light 
seems to undergo a regular periodic increase and diminution. 
They are properly called Variable Stars. One in the Whale 
has a period of 334 days, and is remarkable for the magni- 
tude of its ^variations. From being a star of the second mag- 
nitude, it becomes so dim as to be seen with difiiculty through 
powerful telescopes. Some are remarkable for the shortness 
of the period oT their variation. Algol has a period of between 
two and three days ; Delta Cephei, of 5^ days ; Beta Lyrce^ 
of 6 2-5 days ; and Mu Antinoi^ of 7 days. 

The regular succession of these variations precludes the 
supposition of an actual destruction of the stars ; neither can 
Che variations be sufsposed to arise from a change of distance; 
for as the stars invariably retain their apparent places, it would 
be necessary to suppose that they approach to, and recede 
from the earth in straight lines, which is very improbable 
The most probable supposition is, that the stars revolve, like 
the sun and planets, alx)ut an axis. " Such a motion." says 
the elder Herschel, " may be as evidently proved, as the diur-. 
nal motion of the earth. Dark spots, or large portions of the 
surface, less luminous than the rest, turned alternately in 
certain directions, either towards or from us, will account for 
all the phenomena of periodical changes in the lustre of the 
stars, so satisfactorily, that we certainly need not look for any^ 
other cause." 

2. Double Stars. — On examining the stars with telescopes 
of considerable power, many of them are found to be com- 
posed of two or more stars, placed contiguous to each other, 
or of which the distance subtends a very minute angle. This 
tppearance is, probably, in many cases, owing solely to the 
optical efiect oi their piosition relative to the speetator ; for it 
k evident that two stars will appear contiguous if they are 

^Vhat are such stars denominated? Describe the variations of one In the Wlial^ 
what stars are^Mnarkable for the shoitness of the period of their vurtatJons ? Why 
my we not suppose that the stiira which disappear are actually destroyed ? Why may 
not the variations arise fmm a change of distance 1 What is the most probable supp*- 

SjUion in resard to their cause? How does Dr. Herschel explain these phenomenal 
nexaminitis the stars with a telescope of considerable power, what other peculiarity 
«rc fill 1) To what IS this appeaxajioei in many cases, owinff? 
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S laced nearly in the same line of rision, althougji their r^^| 
istance may be immeasurably great. 
There are. however, many mstances in which the angle of 
position of tne two stars varies in such a manner as tt indi- 
cate a revolution about each other and about a common cenr 
ire* In this case they are said to form a Binary System^ 
performing to each otJier the office of sun and planet, and are 
connected together bv laws of gravitation like those which 

Srevail in the solar system. The recent observations of Sir 
ohn Hersche^ and Sir James South, have established the 
truth of this singular fact, beyond a doubt. Motions have been 
detected, so rapid as to become measurable within very short 
periods of time ; and at certain epochs, the satellite or feebler 
star has been observed to disappear, either passing behind or 
before the primary, or approaching so near to it that its light 
has been absorbed by that of the other. 

The most remarkable instance of a regular revolution of 
this sort, is that of Mizar, in the tail of the Great Bear ; in 
which the angular motion is 6 degrees and 24 minutes of a 
ffreat circle, annually ; so that the two stars complete a revo- 
lution about one another in the space of 58^ years. About 
eleven twelfths of a complete circuit have been already de- 
scribed since its discovery in 1781, the same year in which 
the planet Herschel was discovered. 

A double star in Ophiuchus presents a similar phenomenon, 
and the satellite has a motion in its orbit still more rapid. 
Castor, in the Twins,* Gamma Virginia, Zetain the Crab, 
Zi Bootia, Delta Serpeniis, and that remarkable double star 
61 Cygni, together with several others, amountin;^ to 40 in 
numb^jt exhibit the same evidence of a revolution about each 
other and about a common centre. But it is to be remem- 
bered that these are not the revolutions of bodies of a planet- 
ary nature around a solar centre, but of sun around sun — 
each, perhaps, accompanied by its train of planets, and their 
satellites, closely shrouded from our view by the splendour 
of their respective suns, and crowded into a space bearing 
hardly a greater proportion to the enormous interval which 
separates them, than the distances of the satellites of our plan- ' 

• 

* TBga 91, t Henebel's Aftronomjr, pace 8M. 

Am there, bowever, luiy Inataneei where one iter revolves with another eround • 
eommon centre 7 When two stnrs are thus Kltiiutet!, what syntem hfc they sai<l ta 
iOTval Wliy If it thus ilcnntninated? MHiat moJcm astronomers of ureat relebrlty , 
have estalylished the truth of this theory ? What ntes of motion did they detect in 
these Iifnary systems? What other interesting phenomena. Indicating a routuai revo. 
ution. did they discover? What is the most remarkaiUe instance of this fact? Men* 
tfon some other instances. Are them revolving stars uf a (ilanetaiy nature } Of what 
■aluieamtbey; 
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eis from their primaries, bear to their distances from the dii^' 
iiseif. 

The examination of double stars was first undertaken by tlie late Sir WilHaa 
Her«chel, with a view ta the question of parallax. His at^niion was, howevOT^ 
soon arrested by the new and unexpected phenomena which these bodies pre 
sented. Bir William observed of them, in all, 2400. Sur James South and Her 
schel have given a catalogue of 380 in the Transactions of the Royal Society-, fi»« 
1824. and South added 458, in 1826. Sir John Ilerschel, in additiuo to the above, 
published an account of 1000, before he left England for the Cape ofOood Hope,' 
where he is, at the time we write, pushing his discoveries in the southern hem- 
isphere with great perseverance and success. Professor Struve, with the cieat 
Dorpat telescope, has given a catalogue of %063 of the most remaricable of mese 
stars. 

The object of these catalogues !s not merely to fix the place of the star withte 
such limits as will enable us easily to discover it at any uiture time, but also to 
lecord a description of the appearance, position, and mutual distances, of the 
individual stars composini^'the system, in order that subsequent observers may 
have the means of detecting their connected motions, or any changes which they 
may exhibit. Professor Struve has also taken notice of 82 triple stars, among 
which No. 11 of the Unicorn^ 2ieta of Cancer, and Zi of the Balance, appear to 
be ternary ayatems in motion. Quadruple and quintuple stars have likew\ad 
been observed, which also appear to revolve about a common centre of gravity ; 
in short, every region of the neavens furnishes examples of these curious phe- 
aox^eiia. 

Colour of the Stars. — Many of the double stars exhibit the 
ctirious and beautiful phenomenon of contracted colours^, or 
complimentary tints. In such instances, the larger star is 
usually of a ruddy or orange hue, while the smaller one ap- 

ii pears blue or green, probalny in virtue of that general law of 
optics, which provides, that when the retina is under the in- 
fluence of excitement by any bright, coloured light, feebler 
lij^hts, which seen alone would produce no sensation but that 
of whiteness, shall for the time appear co4oure(] with the tint 
complimentary to that of the brignter. Thus, a yellow colour 
predominating in the light of the brighter star, that of the less 
briffht one, in the same field of view, will appear blue ; while, 
if the tint of the brighter star verge to crimson, that of the 
other will exhibit a tendency to sreen — or even appear a vivid 

*- green. The former contrast is oeautifully exhibited by lotay 
n Cancer; the latter by Almaach, in Andromeda — both fine 
double stars. If, however, the coloured star be much the less 
bright of the two, it will not ^piaterially affect the other. Thus, 
for instance, Eta Cassiopeise exhibits the beautiful combina 
cion of a large white star, and a small one of a rich ruddy 
purple. 

It is not easy to conceive what variety of illumination two 
suns — a red and a green, or a yellow and a blue one — must 
afford to a planet revolving about either ; and what charming 

What beautiftil and curious phenomenon has been observed, as it regards the ooloot 

of double R'irs ) Explain how these colours are usually contrasted. Mention an ex- 

■mple.^f Shis phenomenon. How, if the coloured star be much the less bright of the 

two« wHi tne other be idTected? Give an instance. What may "x the </^f of such a 

.- "HW <j| colw- ij solar light} , 
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contrasts and ^teful Ticissirades — a red and a ^repn da ! 
for instance, alternating with a v>htle one and with daf knesn 
—might arise from the presence or absence of one or the other, 
or both, above the horizon. Insulated stars of a red coluurj 
almost as deep as tiiat of blood, occur in many parts of the 
liearens, but no green or blue star (of any decided hue) has, 
«7e believe, ever been noticed, unassociated with a companion 
brighter than itself. 

Clusters. — When we cast our eyes over the concave sut- 
face of the heavens in a clear night, we do not fail to observe 
that there are, here and there, .''groups of stars which seem to 
be compressed together more densely than those in the neigh- 
bouring parts $ forming bright patches and clusters. 

There is a group called/the Pleiades^ in whichcisix or seven 
stars may be noticed, if the eye be directed full upon it ; and 
many more if the eye be turned carelessly aside, while the at" 
tentum is kept directed* upon the group. Telescopes show 
6fty or sixty laree stars thus crowded together in a very mod- 
erate space, and comparatively insulated from the rest of ^he 
heavens. Rheita amrms that he counted 200 stars in this 
small cluster^ The constellation, called Coma Berenices, is ^ 
another group, more difiiised, and consisting of much larger ^ 
stars. jr\ 

In the constellation Cancer, there is a nebulous cluster of 
very minute stars, called Prc^epe, or the Beehive, which is 
samciently luminous to be seen oy the naked eye. in the ab- 
sence of the moon, and which any ordinary spyglass will re- 
solve into separate stars. In the sword-handle or Perseus, also, 
is another such spot, crowded with stars. It requires, however, 
rather a better telescope to resolve it into individual stars. 

These are called Clusters of Stars, Whatever be their 
nature, it is certain that other laws of aggregation subsist in 
these spots, than those which have determined the scattering 
of stars over the general surface of the sky. (Many of them, 
mdeed, are of an exactly round figure, and conveyr the id^ 
of a globular space filled full of stars, and constituting, in it- 
self, a family or society apart, and subject only to its own 
mtemal laws. 

" It would be a vain task," says the younger Herschel, " to 

• *' n Is a very remarkable fket." says Sir aohn Herschel, "that the untre of the 
vimal orsao is bjr for less seoslhle to fe^le Impressions of light, than the exterior 
portions of the retina."— il«<. p. ass. 

Are Individual stars of a deep colour ever (bond separate ftom others f "Wliat are 
tlusten of stars ^ Mention some Instance. Describe It Mention some othet injtanoe. . 
DMCilbe the position and appearance of Prteaepe. Oftscrlbe any other Cluster ^vhlch 
vMinBy reooilect What are the constitution and figure of such groopsf Wfaiti (M 
iho Foonger Herschel say of the number of stars whteb compose these clustcai} 
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Attempt to count the stars in one of these glohular clusters. 
They are not to be reckoned by hundreds ; for it would ai>- 
pear that many clusters of this description must contain, at 
least, ten or twenty thousand stars, compacted and wedged 
together in a round space, not more than a tenth part as large 
as that which is covered oy the moon. 

4. Nebula. — The Nebulae, so called from their dim^ cloudy 
appearance, form another class of objects which furnish mat- 
ter for curious speculation, and conjecture respecting the for- 
mation and structure of the sidereal heavens. When exam- 
ined with a telescope of moderate powers, the greater part of 
the nebulse are distinctly perceived to be composed of little 
stars, imperceptible to the naked eye^ because, on account d{ 
their apparent proximity, the rays of light proceeding from 
each are blended together, in such a manner as to produce 
only a confused luminous appearance. 

In other nebulse, however, ^no individual stars can be per- 
ceived, even through the best telescopes; and the nebulse 
exhibit only the appearance of h. self-luminous or phosphores- 
cent patch of gaseous vapour, \ though it is possible that even, 
in this case, the appearance may be owing to a congeries of 
stars §o minute, or so distant, as not to aflprd, singly, sufficient 
light to make an impression on the eye. 

In some instances a nebula presents the appearance of a 
faint luminous atmosphere, of a circular form, and of large 
extent, surrounding a central star of considerable brilliancy. 

One of the most remarkable nebulse is in the sword-handle 
of Orion. It is formed of little fiocky masses, like-wisps of 
cloud, which seem to adhere to many small stars at its out- 
skirts. It is not very unlike the mottling of the sun's disk, 
but of a coarser grain, ^and with darker intervAs. These wisps 
of light, however, present no appearance of being composed 
of small stars ; but in the intervals between them, we fancy 
that we see stars, or that, could we strain our sight a little 
more, we should see them. These intervals may be compa- 
red to openings in the firmament, through which, as through 
a window, we seem to get a glimpse of other heavens, and 
brighter regions beyond. — Pag^e ^8. 

Anothsr very remarkable nebula is that in the girdle of An- 
d lomeda, which, on account of its being visible to ^he naked 
ey », has been known since the ^rliest ages of astronomy. It 
is tften mistaken for a comet, by those unacquainted with the 

Wh> axe the aeArale so called) Describe the usual appearances of neoul^u seen 
ihntigi a leleMiqie. What other appearance do nebulse somethnes exbibitTiwentlon 
•omA vu itancdS of the nwst fenuirkatjle nebulae. Describe the one In Uie swoni 
upPia^Oriiw. Describe the one which 1» In the glidle of Atwlrinneda. 
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fteaveDs. Marius, who noticed it in 1612, describes its ap- 
\tearance as that of a candle shining through horn; and the 
resemblance is certainly very striking. Its form is a long 
oval, increasing, by ijasensible gradations of brightness, from 
the circumference to a central point, which, though very much 
brighter than the rest, is not a star, but only a nebula in a 
hi^ state of condensation. No power of vision hitherto di- 
rected to this nebula has been able to resolv<^ it into the least 
appearance of stars. It occupies an area comparatively large 
— equal^to that of the moon in quadrature. — This nebula may 
be considered as a type, on a large scale, of a very numerous 
class of nebulae, of a round or oval figure, increasmg more o 
less in density towards the centre. 

Annular nebtdce also exist, but are among the rarest ob- 
jects in the heavens. The most conspicuous of this class, is 
to be found exactly halfway between the stars Beta and 
Gamma Lyrs, and may be seen with a telescope of moderate 
power. It is small, and particularlv well defined ; appearing 
like a flat oval ring. * The central jopening is not entirely 
dark, but is filled with a faint, hazy light, uniformly spread 
over it, like a fine gauze stretcned over a hoop. 

Planetary neb alee are very extraordinary objects. T hey 
have, as their name imports, the appearance of planets, with 
round or slightly oval disks, somewhat mottled, but approach- 
*xng, in some instances, to the vividness of actual planets. 
Some of them, upon the supposition that they are equally dis- 
tant from us with the stars, must be of enormous magnitude. 
That one, for instance, which is situated in the left hand of 
Aquarius, must have a volume vast enough, upon the lowest 
computation, to fill the whok orbit of Herschel ! 

The nebulae fuifliish an inexhaustible field of speculation 
and conjecture. That by far the larger number of them con- 
sin» of stars, there can be little doubt ; and in the intermina- 
ble raage oi system upon system^ and firmament upon firma- 
ment^ which wc thus eaten a glimpse of, the imagination is 
bewildered and lost. Sir William Herschel conjectured that 
the nebulae might form the materials out of which nature 
elabomted new suns and systems, or replenished the wasted 
light of older ones. But the little we know* of the physical 
constitution of these sidereal masses, is altogether in^umcient 
to warrant such a conclusion. 

or wliat class of nebulte may this be consfaterod as a type? What other species o( 
rteboine exist in the heavens? Describe the niO!?t conspicuous of this claims. Won, 
^'Avtx species of nebula aie more rarely found ) Describe the appearance of jiIanoiMry 
:httl:0. WhHt do wi) know In reennl to their masnitiJe? How i:ir:re nuistflie one t^ 
• Mch Is sinijiteil in the left hand of Anuitrlns? Wh.it did Sir Wiiiia»n R** fbel cx** 
ti ;tVirc as to liic use of the nebuls? Ilave we facts suilicieiit tc ^»\r\n s uh a •*«» 
t .'t^irs } 
\ 






144 riA LACTBAi OR | M %p tv: 

CHAPTER XIV. 

VIA LACTBA. 

"Throughout the Galaxy's extended line, 
DnnuiiiDer*d orbs in gay confusion shine : 
Where every star tliat gilds the gloom of night 
With the faint tremblings of a distant light, 
Perliaps illumes some system of its own, * 
With the strong influence of a radiant sun." — Mn. Carter 

There is a luminous zone or pathway of singular white- 
ness, varying from 4*^ to 20^ in width, which passes qnue 
round the heavens. The Greeks called it Galaxy, on ac- 
count of its colour and appearance : the Latins, for the same 
reason, called it Via La(^£>, which, in our tongue, is Milky 
Way. 

Of all the constellations which the heavens exhibit to our 
view, this nils the mind with the most indescribable gran- 
deur and amazement. When we consider what unnumbered 
millions of mighty suns compose this <^luster, whose distance 
is so vast that the strongest telescope can hardly separate 
their mingled twilight into distinct specks, and that the most 
contiguous of anv two o) them may oe as far asunder as our 
sun is from theni, we fall as far short of adequate language 
^a express our ideas of silth immensity, as we do of instru^ 
ments to measure its boundaries. 

It is one of the recent achievements of astronomy that has 
Iresolved the Milky-Way into an infinite number of small 
stars, whose confused and feeble lustre occasions that pe- 
culiar whiteness which we see in a clear evening, when the 
moon is absent. It is also a recem and well accredited doc- 
trine of astronomy, that all the ^rs in the universe are ar- 
ranged into clusters, or groups, which are called Nebulj^ or 
Starry Systems, each pf which consists of many thousands 
of stars. 

The fixed star which we call ouq Sun, belongs, it is said, 
to that extensive nebula, the Milky- Way ; and although ap- 
parently 1ft such an immeasurable distance from its fellowsy 
IS, doubtless, as near to any one of them^ as they are to one 
another. ^ 

Of the number and economy of the stars which compose 
this g^oup, we have very little exact knowledge. Dr. Her* 
schel informs us that, with his best glasses, he saw and 

What do yorf undentand by the Milky- Way 7 By what dMArent names is It eal M 
Why doea-fi* contemplation of this constellaUon fill the mind with Uau of gzancieir 
and amaier^ti What causes the whiteness of the MUky-Wfy Y bfTwhat are{ at 
Vm Stan IdNne uiaverse ammged? To what nebula does the 8un4Mloiig, and w|M 
1« protmbtj^ distance ftmn Us fellows? What knowledge have we of the number ta<9 
•icniioniy of the stars in this group) 
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couiitod 588 stars m a single spot, without moving his tele- 
scope ; and as the gradual motion of the earth carried these 
out of view and introduced others successively in their places, 
while he kept his telescope steadily fixed to one point, "there 
passed over his field of vision, in the space of one quarter of 
on hour, no less than one hundred and sixteen thousand 
stars, and at another time in forty-one minutes, no less thaa 
two hundred and fifty-eight thousand?^ 

In all parts of tne Milky-Way he found the ^tars unequally 
dispersed, and appearing to arrange themselves into separate 
clusters. In the small space, for example, between Beta and 
Sad'r, in Cyc^ni. the stars seem to be clustering in two di- 
visions ; each division containing upwards of one hundred 
aad sixtv-five thousand stars. 

At otner observations, when examining a section of the 
Milky- Way, not apparently more than a yard in breadth, and 
six in length, he discoverea^fy thousand stars, large enough 
to be distinctly counted ; and he suspected twice as many 
more, which, for want of sufficient light in his telescope, he 
saw only now and then. 

It appears from numerous observations, that various changes 
are taking place among the nebulse-^that several nebulae are 
formed by the dissolution of larger ones, and that many ne^ 
bulae of this kind are at present detaching themselves from 
the Milky«Way. In that part of it which is in the body of 
Scorpio, there is a large o[^ning, about 4° broad, almost 
destitute of stars. These ' changes seem to indicate that 
mighty movements and vast operations are continually goin^ 
on in the distant regions of the universe, upon a scale of mag- 
nitude and grandeur whick4)afiles the human understanding,. 

More than two thousand five hundred nebula: have already 
been observed ; and, if each of them contains as many stari 
as the Milky- Way, several hundreds of millions of stars must 
exist, even within tharportion of the heavens which lies open 
to our observation. 

" O what a confluence of-ethereal fires, ' j*^ 

From urns unnumbered down tlie steep of heaven 
Btreams to a point, and centres on my sight." 

Although the Milky-Way is more or less visible at all 
seasons of the year, yet it is seen to the best advantage du- 
ring the momhs of July, August, September, and October 
When Lyra is on, or near the meridian, it may be seen 

How many did Dr. Hei*chef count in a single spot during the space of 15 minutent^ 
Bow did he find the stars dispersed, throughout the Milky- Way? Give an exampla 
Givtt another Instance. What changes are talctug place In the Ml'irv Way and other 
ntboie I What dn these changes Ind&atel How many nebula have been discovered f 
If «wli of these lebuia contains as many stars as the MUky-'^ay. how nnnsr stars 
mMt exist even in that portion of Om heavens which lies open to our obseivatlual 
VlMin and at what period nay the MiOky-Way Iw seen to the best advaataflOl 

13 
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.<ttretching obliquely over the heayex)# from northeast to soutA- 
vvest, gradually moving over the &inament in common with 
other constellations. 

Its form, breadth and appearance are various, in difieient 
parts of its course. In some places it is dense and luminous; 
IB others, it is scattered and faint. Its breadth is often not 
more than five degrees ; though sometimes it is ten or fifteen 
degrees, and even twenty. In some places it assuifleb a 
double path, but for the most part it is smgle. 

It may be traced In the heavens, beginning near the head of Cephana. about 
VP from the north pole, through the consrellations Cassiopeia, Perseuf , Auriga, 
■ad part of Orion and the feet of Gemini, where it crosses the Zodiac ; thence 
•ver the equinoctial into the soutliem hemisphere, through Monoceros. and the 
middle of the ship Argo, where it is most lummuus, Charles's Oak. the Cross, the 
feet of Uie Centaur, and the Altar. Herf. it is divided into two branches, as it 
passes over the Zodiac s^n into the northern hemisphere. One branch runs 
tturough tlie tail of Scorpio, tiie bow of Sagittarius, the shield of Sobieski, tlie feet 
•f Antinous, Aquila, Deiphinus, the Arrow, and the Swan. The other branch 
passes through the upper part of the tail of Scorpio, the side of Serpentariua, 
raurns Poniatowski, the Goose and the neck of the Swan, where it again unites 
with the other branch, and passes on to the head of Ccpheus, the place of its be 
sinning. 

There are several other nebulae in the heavens as large as 
the Milky- Way, fbut not visible to the naked eye, which may 
exhibit the phenomenon of a lucid zone to the planetary 
worlds that may be placed within them. 

Some of the pagan philosophers maintained that the Milky- Way was fornnerly 
the sun's path, and that ils present luminous appearance is the track which its 
scattered beams lell'visible in the heavens. 

The ancient poets and even philosophers, speak of the Galaxy, orJIilk^ Way, 
as the path which their deities used in the heavens, and which le^ J^ractik n tM 
throne of Jupiter. Thus, Ovid, in his Metaiuorphoses, Book i. :— 

"A way there is in heaven's extended plain, 
Which when the skies are clear is seen below, 
And mortals, by the name of Milky, know ; 
The groundwork is of stars, tbnough which the road 
Lies open to the Thunderer's abode." 

Milton Hll'jJes to tiiis, in the following lines :— \ , 

" \ 0road and ample road, whose dust is gold, ' ' 
And pavement, stars, as stars to thee appear, ' > 
Been in the Galaxy, that Milky- Way, # 
Which niffhtly, as a circling zone, thou seest 
Powdered with stars." 



CHAPTER XV. . 

ORIGIN OF THE CONSTELLATIONS. 

• Tnfe science of astronomy was cultivated by me imnie 
#iate descendants of Adam. Josepqi^s 4bforms us that th« 

Describe the breadth and appearance of the Mr cy-Way. Hoto may it be traced in 
jte huivmit 7 Are there nthoi nebulas In the heavr^ s as laKe as the Milky- Way 7 How 
Citrly was the .science of astmnomy cultivated) V/hat authority nave we for afflxltNi 
m 'xSxly a ilatc to the science? 
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sons .of Seth employ ed themselves in the study of astronomy . 
. and that they wrote their observations upon two pillars, one 
of brick, and the other of stone,* in order to preserve them 
against the destruction which Adam had foretold should come 
upon the earth. He also relates, that Abraham argued the f 
unity and power ol God, from the orderly course of things 
both at sea and land, in their times and seasons, and fiom his 
observations upon tiie motions and influences of the son, 
moon, and stars ; and that he read lectures in astronomy and 
arithmetic to the Egyptians, of which they understood noth- 
ing till Abraham brought thes^^ sciences' from Chaldea to 
Egypt; from whence they paf.-ed to the Greeks. 

Serosus also observes that Abraham was a great and just 
man, and famous for his celestial observations ; the making 
of which was thought to be so necessary to the human weE 
fare, that he assigns it as the principal reason of the Al- 
mighty's prolonging the life of man. This ancient historian 
tells us, in his account of the longevity of the antediluvians, 
that Providence found it necessary to prolong man's days, in 
order to promote the study and advancement of virtue, and 
the improvement of geometry and astronomy^ which required, 
at least, six Bumlred years lor making and perfecting obser- 
vations.! Jilfcfc^ 

When Alexaud<^^^^R|^byIon, Calisthenes found that thfe 
most ancient (^ervatioi^s existing on record in that city, werle 
made by the QEaldeans about<|L903 years before that period, 
which cant^us back to UMili^e of the dispersion of mankind 
by th^ coniusion of ton^ffis. It was 1500 years after this 
•that tJie Balr^iianiaA^^ent to Hezekiah, to ii^ire about the 
4ha(low'8 going 69lliron the dial of Ahaz. 

It is th%Mtf#rM^2|lpn>bable that the Chaldeans and Egyp- 
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^ans were the onfmSl inv^ors of astronomy ; but at what 
pericri of tht world they maS&d out the heavens into constel- 
fotioJ|s, remains^n uncertafllty. £a Place fixes the date 
Ihirt^en orjburgfed hundred years before the Christian era, 
Since it wnpbout this period, that Eudoxus constructed the 
first celes{2^^|i^^^^P^^ which the oonstellations were de- 

* Joscyhus ^UBnns, that ^ht mm himself that of stone to renain in Syria tn hiv 
«wiitlme." .• 

* Vince's Complete System of A^bronomy, Vol. 11. p. iHA. 

— — • : B, _ 

Wluit does Josephus relate concerning Abraham's knowledge of astronom r? Who, 
does he say, first Introduced this science into Egypt? What other historian nf remote 
antiquity siieak0 of Abraham's attention w this science? What re;tson does Berosif 
assisn lor riie longevity of the antetllluvians ? Wlien Alexander took Rabylon, whai 
ancient observatirMis did he find in that city? To what |)criod of the world do these, 
observarions carry us back? How lonf? after thisrwas it that the BUjylonians sen' to 
HcKCkiah, TO inquire about the sliadow's going back on the dial of Ahaz ? Wlio, ♦ .u»n. 
imv we conclude, were fbe nriffinal inventors of astronomy, and at wijatpetiml diu 
they »n*angc the iked 8tar<( into constellations *> When does La Place fix tlie date 9 
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Imeaici).'* Sir I:«iuc Newton was of opinion, that alt the oM 
tons tellati una tetated to the Ar^onautic expedition, and thai 
they were invented to commemorate the heroes and events of 
that memorahle enterprise. It should be remarked, howevei, 
that while none of the ancient constellations refer to Iransao- 
tiona of a later date, yet we have various accounts of them, 
efa much higher antiquity than that event. 

Some of the most learned antiquarians of Europe hare 
searched every page of heathen mythology, and ransacked ail 
the legends ot poetry and fable for the purpose of rescuing 
this subject from that impermeable mist which rests upon it, 
and they have only been oble to assure ua, in general terms, 
that they are Chafilcan or Kgyptian hieri^lypnics, intended 
to perpetuate by means of an imperishable record, the memory 
of the times in which their inventors Uved, their religion and 
manners, their achievements in the arts, and whatever in their 
history, was most worthy of beine commemorated. There 
was at least, a moral grandeur in this idea ; for an event thus 
legistered, a custom £us canonized, or thus enrolled among 
the stars, must needs survive all other traditions of men, and 
■tand forth in perpetual characters to the end of time. 

In arranging the constellations of the Zodiac, for instanc*. 
It would be natural for them, we mj^L^agine, to represent 
those stars which rose with the suiriWse spring of the yeai^ 
by such animals as the shepherds held in the greatest esteem 
at that season ; accordinQ[ly, we find Aries, rTaurus, and 
Gemini, as the symbols ofMarch, April, aud'May. 
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CONSTELLATIONS. t4( 

Wnen the sun enters the sign Cancer, at the sumrLsr soi- 
$ • r. he discontinues his progress towards the north pole, and 
i r nis to return towards the south pole. This retrograde mt> 
\\)n was fitly represented hy a Crah. which is said to go hack* 
vAiids. The sun enters this sign aoout the 22d of June. 

The heat which usually follows in the next month^ was 
represented hy the Lion ; an animal remarkahle for its herce- 
ness, and which at this season was frequently impelled h? 
thirst, to leave the sandy desert, and make its appearance ja 
the hanks of the Nile. 

The sun entered the sixth sign about the time of harvesti 
which season was therefore represented by a Virgin, or female 
reaper, with an ear of com in her hand. 

At the autumnal equinox, when the sun enters Libra, the 
days and nights are equal all over the world, and seem to ob- 
seirve an equilibrium or balance. The sign was therefore 
represented under the symbol of a pair of Scales. 

Autumn, which produces fmit in great abundance, brings 
with it a variety of diseases^ and on this account was repre- 
sented by that venomous animal the Scorpion, which, as he 
recedes, wounds with a sting in his tail. The fall of the leaf 
was the season for hunting, and the stars which mark the 
sun's path at this time were represented hy a huntsman, or 
archer, with his arrows and weapons of destruction. 

The Goat, which delights in climbing and ascending some 
mountain or precipice, is the emblem of the winter solstice^ 
when the sun begins to ascend from the southern tropic, and 
gradually to increase in height for the ensuing half year. 

Aquarius, or the Water-Bearer, is represented by the figure 
of a man pouring out water from an urn, an emblem of the 
dreary and uncomfortable season of winter. 

The last of the zodiacal constellations was Pisces, or a 
wOuple of fishes, tied back to back, representing the fishing 
season. The severity of winter is over; the flocks do not 
ufiford sustenance, hut the seas and rivers are open and abound 
with fisL 

"Tims monstroas forms, o'er heaven's nocturnal arch 
(Seen b^ the sage, in Poinp celestial march ; 
See Aries there his guttering bow anfoldL 
And raging Taurus toss his Iforns of goia; 
Wit h< bended bow the sullen Archer lowen, 
And there Aquarius comes with all his showera ; 

What sign was represented under the figure of a Crab, and vhy j When does th? 
*,ini enter this sign 7 What antanal represented the heat of sunu^er, and why 7 Wheo 
does the sun enter the sixth sign, and how is this> season represeh*e<- Why was t'.ie 
sten which the sun enters at the autumnal equinox represented uni.''V the symbol of 
a Balance? Why were the autumnal stgrs, Scorpio and Sagittarius, reprcsen«<fd 
they are? What does the Goat represent What is signified by the % fti-iie :^n 
What do the FMuit represent) 

13* 
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Lions and Centaurs, Gorjrons. Hydras n6e, 
And gmls and heroes blaxe alonff the »kieti.'** 

Whatever may have led to the adoption of these nide name? 
at first, they are now retained to avoid confusion. 

The early Greeks, however, displaced many of the Chal- 
dean constellations, and substituted such images in their place 
as had a more special reference to their own history. Tlie 
Romans, also, pursued the same course with regard to their 
history ; and hence the contradictory accounts that have de- 
see ded to later times. 

Some, moreover, with a desire to divest the science of the 
stars of its pagan jargon and profanity, have been induced to 
alter both the names and figures of the constellations. In 
doing this, they have committed the opposite fault ; that of 
blending them with things sacred. The " venerable Bede,** 
for example, instead of the profane names and figures of the 
twelve constellations of the Zodiac, substituted those of the 
twelve apostles. Julius Schillerius, following his example, 
completed the reformation in 1627, by giving Scripture names 
to all the constellations in the heavens. Weigelius, ^oo, a 
celebrated professor of mathematics in the university of Jena, 
made a new order of constellations, by converting tlie firma- 
ment into a ccELUM heraldicum, in which he introduced the 
arms of all the princes of Europfe. But astronomers, gene- 
rally, never approved of these innovations ; and for ourselves, 
we nad as lief the sages and heroes of antiquity should con- 
tinue to enjoy their fancied honours in the sky, as to see their 
places supplied by the princes of Europe. 

The number of the old constellations, including those of 
the Zodiac, was only forty-eight. As men advanced in the 
knowledge of the stars^ they discovered many^ but chiefly in 
southern latitudes, which were not embraced m the old con- 
stellations, and hence arose that mixture of ancient and mod 
ern names which we meet with in modem catalogues. 

; - - — ■ _ _ ■ ■ _■ - ^^ 

* The 0Tde( pf the signs is thus described by Dr. Watts :— 

The Ram, the Bull, the heavenly Twitu 
And next the Crab, the LUm shmes, 
The Virgin, and the Scalen; 
The Scorpion, Archer, and Sea-G«at, 
The Man that holds the Water-Pot, 
: And FfoA, with glittering tails. 

SkuUar to this are the Latin verses :— 

Stmt, aria, taurue, gemini, cancer, lea, tfirgo, 
Libraque, ecarpiua, arcitenens, caper, amphora, pieeea. 



. Why have attempts been made to chanj» the names and figures of the ancient < 
stellatlonsf Whatlitiult has lieen committed in doing this? What did the vencntfrie 
Bedo substimte for the profane names :ind figures of the twelve constellations of the 
Zodiac) Who followed his exainple, and to what extent? What other chnngo was 
attempted, and by whom? Have astronomers gencrully approved of these lhnov%- 
Hont? Whai was the number of the old conslellaUons? whence Is the mlxturv n/ 
■oetont and modvin names i^hlck we meet with in modem catatogues} 
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Astronomers divide the heavens into three partS; called the 
northern and southern hemispheres, and the Zodiac. In the 
northern hemisphere, astronomers usually reckon thirty-four 
constellations; in the Zodiac twelve, and in the southern 
hemisphere forty-seven ; making, in all, ninetv-three. Besides 
these, there are a few of inferior note, recently formed^ which 
are not considered sufficiently important to he particularly 
described. 

About the year 1603, John Bayer, a native of Germany, 
invented the convenient system ot denoting the stars in each 
constellation by the letters of the Greek alphabet, applying 
to the largest star the first letter of the alphabet ; to the next 
largest the second letter, and so on to the last. Where there 
are more stars in the constellation than there are Greek let- 
ters, the remainder are denoted by the letters of the Roman 
alphabet, and sometimes, by figures. By this system of no- 
tation, it is now as easy to refer to any particular star in the 
heavens, as to any particular house in a populous city, by its 
street and number. 

Before this oractice was adopted, it was customary to de- 
note the stars W referring them to their respective situationa 
in the figure of the constellation to which they severally be- 
longed, as the head, the arm, the foot, &c. 

It is hardly necessary to remark that these figures, which 
are all very curiously depicted upon artificial globes and maps, 
are, purely, a fanciful invention — answering many convenient 
ends, however, for purposes of reference and classification, as 
tliey enable us to designate with facility any particular star, 
or cluster of stars ; though these clusters very rarely, if ever, 
represent the real figures of the object whose names they bear. 
And yet it is somewhat remarkable that the name of *^ Great 
Bear," for instance, should have been given to the very same 
constellation by a nation of American aborigines, (the Iro- 
quois,) and by the most ancient Arabs of Asia, when there 
never had been any communication between them ! Among 
other nations, ako, between whom there exists no evidence 
of any intercourse, we find the Zodiac divided into the same 
number of constellations, and these distinguished by nearly 
the same names, representing the twelve months, or seasons 
of tlie year. 

The history of this whimsical personification of the stars 
dlnies us back to the earliest times, and introduces us, as we 
have seen, to the languages and customs, the religion and 

How do astronomers usually divide the heavens, and what is the number of con* 
ttellations In each division f what convenient system of notation has been invented 
for denoting the stars in each constellatioh } Who Invented this system ? Before thii 
nethod was Intzoduced, what wm th« pmotlc* i 
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ptMxry, the sciences and arts, the tastes, talents, ant) )f ou-'"tt 
geoius, of the early nations of the earth. The ancieui Ani:u- 
tides and Ethiopians, the Egyptian priests, the magi of Pei* 
sia, the shepherds of Chaldea, the Bramins of India^ the man* 
darins of China, the Phcenician navigators, the philosopUera 
of Greece, and the wandering AFal», have all added more 
or less to these cnrioos absurdities and ingenious inven* 
tions, and have thus registered among the stars, as m a sort 
d* album, some memorial of themselves and of the times in 
which they lived. The constellations, or the uncouth figures 
by which they are represented, are a faithful picture of the 
ruder stages of civilization. They ascend to tmies of which 
no other record exists ; and are destined to remain when all 
others shall be lost. Fragments of history, curious dates and 
documents relating to chronology, geography, and languages, 
are here preserveain imperishable characters. The adven- 
tures of the gods, and the inventions of men, the exploits of 
heroes, and the tancies of poets, are here spread out in the 
heavens, and perpetually celebrated before all nations. The 
Seven stars, ana Orion, present themselves to us, as they . 
appeared to Amos and Homer : as they appeared to Job, more 
than 3000 years ago, when the Almighty demanded of him — 
" Knowest thou the ordinances of heaven ? Canst thou bind 
the sweet influences of the Pleiaubs, or loose the bands of 
Orion ? Canst thou bring forth Mazzarotr in his season, 
or canst thou gufde Arcturus with his sons ?" Here, too, 
are consecrated the lyre of Orpheus, and the ship of the Ar- 
gonauts ; and, in the same firmament, glitter the mariner's 
compass and the telescope of Herschei. 



CHAPTER XIV, 

NUMBER, niSTANCE, AND ECONOMY OF THE 8TAR9. 

The first conjecture in relation to the distance of the fixed 
stars, is, that they are all placed at an equal distance from the 
observer, upon the visible surface of an immense concave 
vault, which rests upon the circular boundary of the world, 
Bjfk which we call the Firmament. 

We can with the unassisted eye, form no estimate of thfiif 
respective distances ; nor has the telescope vet enabled us to 
arrive at any exact results on this subject, although it has re- 
vealed to us many millions of stars that are as far removed 

What Is the first conjecture which we foim in relation to the distances of the Sxed 
ftarsT What means hive we for ascertAlttifiS their nundber and dlslBiiue) . 
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beyond those which are bareW yisible to the naked eye, as 
these are from us. Viewed throus^h the te]csco)>e. ihe hea- 
vens become quite another spectacle — not only to the under- 
standing, but to the senses. New worlds burst upon the sight, 
and old ones expand to a thousand times their former dimen- 
sions. Several of those little stars which but feebly twinkle 
on the unassisted eye, become immense globes, with land 
and water, mountains and valleys, encompassed by atmos- 
pheres, enlightened by moons, and diversified by day and 
ai^t, summer and winter. 

Beyond these are other suns, giving li^ht and life to other 
systems, not a thousand, or two thousand merely, but multw 
plied without end, and ranged all around us, at immense dis- 
tances from each other, attended by ten thousand times ten 
thousand worlds, all in rapid motion ; yet calm^ regular and 
harmonious — all space seems to be illuminated, and every 
particle of light a world. 

It has been computed that one hundred milliona of star» 
which cannot be discerned by the naked eye, are now visible 
« through the telescope. And yet all this vast assemblage of 
suns and worlds may bear no greater proportion to what lies 
beyond the utmost boundaries of human vision, than a drop 
of water to the ocean ; and, if stricken out of being, would be 
DO more missed, to an eye that could take in the universe, 
than the fall of a single leaf from the forest. 

We should therefore learn, (says an eminent divine of the 
present century,*) not to look on our earth as the universe of 
God, but as a single, insignificant atom of it ; that it is only 
one of the many mansions Vhich the Supreme Being has 
created for the accommodation of his worshippers^ and that 
he may now be at work in regions more distant than geome- 
try ever measured, creating worlds more manifold than num- 
bers ever reckoned, displaying his goodness, and spreading 
Over all, the intimate visitations of his carp. 

The immense distance at which the nearest stars are known 
to be placed, proves that they are bodies of a prodigious siz^ 
not inierior to our sun^ and that they shine, not by reflected rayl^ 
but by their own native light. It is therefore concluded, with 
good reason, that every fixed star is a sun, no less spacious 
tiian ours, surrounded by a retinue of planetary worlds, whi0h 

* Chalmezi. 

How do the haavens appear throii^h the telescope? What are beyoiv! those little 
stars which are scarcely visible to the naked eye) How many stars are vlsihle 
through the teicscoi-ij 7 VFivit proportion may this vast assenihlai;e of suns anil worlds 
eenr to what Iks beyond the utmost bounlaries of human visionf How shculd we 
k'^oii f'-nni this to reimrd our own earth ? What does the immense distance (rf the siaia 
ijn»v« u\ xesard lo thslr mafinltuile and Ui;bt? 
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revolve around it as a centre, and derive from it li^ht ami 
heat, and the asreeable vicissitudes of day and night. 

Tliese vast globes of li^ht. then, could never have beeu de> 
eigned merely to diversi^ tne voids of intinite space, nor tt» 
shed a few glimmering rays on oar fiur distant world, for the 
amusement of a few astronomers, who, but for the most pow- 
* erful telescopes, had never seen the ten thousandth part of 
them. We may therefore rationally conclude, that wherever 
the All-wise Creator has exerted his creative power, there 
also he has placed intelligent beings to adore his goodness. 

Hipparchua, the father of aatroDooiy, first made a eatatogue of the fixed 
Mara. It contained 1022. The accuracy with vrhich the places of these were 
recorded, liaa conferred essential benefit upon the science, and has enabled us 
to solve many celestial phenomena and problems of chronology, whieli othen> 
wise had been diffiruU. 

During the 18th century, upwards of 100,000 were catalogued by the various 
astronomers of Europe, ana their position in the heavens determined with an 
exactness that seldom varied a second from the truth; insomuch that it turn 
been justly remarlted, that "there is scarcely a star to be seen in tlie heavens, 
whose place and situation is not better known than that of most cities and towns 
upon the earth." 

But the stargazers of our times are not idle. Professor Bessell of Konig» 
bei^, observed in three years, it is asserted, between 30,000 and 40,000 stars, 
comprehended within a zone of 16^ on each side of the equator ; but even Uin. 

freat number is but a small portion of Uie whole number which lie within the 
mit of the zone which he examined. To procure a more complete survey, the 
academy of Berlin proposed that thta same zone should be parcelled out among 
twenty-four observers, and that each should confine himself to an hour- of right 
ascension, and examine it in minute detail This plan was adopted ; and the loth 
liour was confided to Professor Inghirami, of Florence, ana examined with so 
much care, that the positiona of 75.000 stars in it, have been determined. Pro> 
feasor M. Skruve, of tW Dorpat university, has examined in person, 120,000 8tar% 
of which 800 (double ones) were before unknown to science. 

The labours of Sir Wm. Herschel were chiefly devoted to exploring the sys- 
tems of nebulae and double stars that lie, for the most part, bevood the reach of 
ordinary telescopes. No fewer than ttoa thotuand Jive hundred nebulee were 
observed by tins indefatigable astronomer, whose places have been computed 
from his observationa, reduced to a eoounon epoch, and arranged into a eatip 
loffue in order of their right ascension, by his sister Miss Carolimx Hsrschbi, 
a lady so iustly celebrated hi Europe for her astronomical knowledge and dis- 
coveries, out whose name, strange as it is, is seldom mentioned in this country, 
fie it remembered, nevertheless, for her fame, that she discovered" two of the 
■atellites of the planet which bears her brother's name, besides a multitude of 
comets. 

The greatest possible ingenuity and pains have been taken 
by astronomers to determine, at least, the approximate di^ 
tance of the nearest fixed stars. If they have hitherto been 
ttnable to arrive at any satisfactory result, they have, at least, 
established a limit beyond which the stars must necessarily 
be placed. If they have failed to calculate their true distan- 
ces from the earth, it is because they have not the requisite 
data. The solution of the problem, if they had the data, 
would not be more difficult than to compute the relative dis- 

Wbat conclusion may be drawn tnm this ftict as to their great design } What palas 
BRve astronomers taken to find the distance of the stars, and what result have they 
fmeiol For what reason h»x9 they fUled lo calculate their distancel Is the pn^ 
Itni a difficult one t 



ECONOMY OF TBK STARS. 155 

fiuiccs of the planets — ^a thing which any sohool-lioy can do. 
To estimating so great a distance as the nearest fixed star, 
it IS necessary that we employ the longest measure which 
astronomy can use. Accordingly, we take the whole diame* 
:er of the earth's orbit, which, in round numbers, is 190 millionsi 
of miles, and endearour, by a simple process in mathematics, 
to ascertain how many measures of thiiK length are contained 
m the mighty interval which separates us from the stars. 

The method of doin^ this can be explained to the appre- 
hension of the pupil, if he does not shrink from the illustra- 
tion, through an idle fear that it is beyond his capacity. 

For example ; suppose thaft, with an instrument construct- 
ed for the purpose, we should this night take the precise bear- 
ing or angular direction from us of some star in the northern 
hemisphere, and note it down with the most perfect exact- 
ness, and, having waited just six months, when the earth 
shall have arrived at the opposite point of its orbit, 190 mill- 
ions of miles east of the place which we now occupy, we 
should then repeat our observation u])on the same star, and 
see how much it had changed its. position by our travelling 
so great a distance one side of it. Now it is evident, that if 
it changes its apparent position at all, the quantity of the 
change will bear some proportion to the distance gone over ; 
that is, the nearer the star, the greater the angle ; and the 
more remote the star, the less the angle. It is to be observed, 
that the angle thus found, is called the star's Annual Par- 
alkur. 

But it is found by the most eminent astronomers of the 
age, and the most perfect instruments ever made, that this 
parallax does not exceed the four thousandth part of a de- 
gree^ or a single second ; so that, if the whole great orbit of 
the earth \^ere lighted up into a globe of tire 600 millions of 
miles in circumfere'nce, it would be seen from the nearest stai 
only as a twinkling atom ; and to an observer placed at this 
dhttance, our sun, with its whole retinue of planetary worlds, 
v^ould occupy a space scarcely exceeding the thickness of a 
S|9ider's web.* l\ the nearest of the fixed stars are placed at 

• 

* A j-jnt tdfta of the Import of this term, will Impart a force and apbiimlty to an t K- 
pressiun of 3t Jumes, which no power of words could improve. ItTs said, Chaptei L 
verse 17., of Him from whom cometh down every good and perfect gift, that there u 
•* 0I/J6 iw iTAfAXK^yn » ^fomt A'jno-KtAo-fMt." Literally, There is "neWisr par- 
mOax nor shadow of change ."* As if the apostle had said— Peradventure, that In tra> 
veiling; millions aiul millions of miles through the regions of immensity, there maybe 
a sensible iMrallax to some of the fixed stars ; yet, as to the Fatlicr of Lights, view 
him from whatever jwint of his Empire we may, he U toithout paraUax or thadow </ 
dielneel 

What moasure is cmployefl in estimating the distances of the fixed stars? How 
ta It used? What !< tie angle thus fi)uudcaU«d1 What is the greatest magnitudA oC 
'h« animal iKirailsx? * 
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.*ucli tnconceivable distances in the re|jions of space, '•vith 
what line shall we measure the distance of those which af# 
a thousand or a million of times as much farther from them, 
as these are from us. 

If the annual parallax of a star were accurately known. i\ 
would be easy to compute its distance by the following rule * 
As the sine of the star's parallax : 
Is to radius, or ninety degprees : : 
So is the Earth's distance from the sun: 
To the star's distance from the sun. 
If we allow the annual parallax of tSe nearest t^tar to be 
1^', the calculation will be. 
As 0.0000048481368=Nat. Sine of 1''. 
Is to 1.0000000000000=Nat. Sine of 90°. 
So is 95,273,868.867748554=Earth's distance from the sutt. 
To 19,651,627,C83,449=Star's distance from the sun. 

In this calculation we have supposed the earth to be placed at the mean di»> 
tonce of 21,047 of its own semi'diaoieters, or 9^^86&8677486&1 mlles^froin th« 
•UD, which makes the star's di8taace(a very little less than twenty liilUons of 
niileal Dr. Herschel says that Sirius cannot be nearer than 100,dOO tiutes th« 
diameter of the earth's orbit, or 19.007,788,800,000 of miles. 

Biot, who either takes the earth's distance greater than he lays it down in his 
Traite' Elem^ntaire d* Aatronomie Physique, or has made an errour in fisnrpH. 
makes the distance 20,0e6,86a096,401. Dr. Brewster makes it 20, 159,665,000,000 
jniles. A mean of these computations, is 20 billions; that is, 20 millions of milk 
bns of miles, to a parallax of V 

Astmnoiiiers are generally agreed in the opinion that the annual parallax of 
the stars is b?ss than Vy and consequently that the nearest of them is placed al 
a much greater distance from us, than these calculations make it It was, how- 
ever, announced during the last year, that M. D'Aspaa, a French astronoraen 
had satisfactorily established the annual parallax ofKeid, (a small star 8<^ N. of 
Oarauia Eridani,) to be 2^', that of Rigel, in Orion to be V. 43, and that of Siriut 
to be 1". 24. If these results may be relied on, Keid is but 10 billions, Rigel but 
14 billions, and Sirius 16 billions of milea from the earth. This latter distance iSi 
however, so great that, if Sirius were to fall towards the earth at the rate of » 
million of miles a day, it would take it forty three thousand, three hundred years 
to reach the earth ; or, if the Almiffhty were now to blot it out of the heavens, it« 
brilliance would continue undiminished in our hemisphere for the space of thre« 
yearl ^ 

The most brilliant stars, till recently, were supposed to be 
situated nearest the earth, but later observations prove that 
this opinion is not well founded, since some of the smaller 
•tars appear to have, not only a greater annual parallax, but 
an absolute motion in space, much greater than those or tlM 
brightest clas% 
. i — . 

What conclusion may be drawn from this foct In regaxd to the distances of the fixed 
•tarsi If the annual parallax of a star were known, by what simple rule could 
you compute its distiince? If we allow the annual parallax of the nearest star to be 
I', what will it.s distance be ? What U a mean of the ealculatUma qfdiffterent aatrot^ 
rnnere, for a parallax qfi" 7 What recent obttervationa indicate a greater paraUoM 
to tome of the etarn 7 if the paraUax qf Sirius be !'' .34, what toiU he He dietancef 
How long toould it require, paaebtg through this dietanee, at the rate qf a mUlien qf 
wtin a my, to reach the earth, and how long would ite light continue, undtminUud 
f99h^»ere it to be blotted from the heavens f What has been supposed to be the t^Ut- 
IgMManee of the most brilliant staxB ttom the eaith ? What oo later abHvmUnno 
■■• la regaid to this opiiUoiii 
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It has been computed that the light of Sinus, allh'»ugti 
twenty thousand million times less than that of our Sun, is, 
nevertheless, three hundred and twenty-four nnies greater than 
that of a star of the sixth magnitude. If we suppose the two 
stars to be really of the same size, it is easy to show that the 
star of the sixth magnitude is fifty-seven and one third times 
farther from us than Sirius is, because light diminishes as the 
square of the distance of the luminous body increases. 

By the saine reasoning it may be shown, that if Birius were placed where the 
•un is, it wuuld appear to us to be four liuies as large as the Sun, and give four 
liiDCS as much light and heat It is by no means unreasonable to sup{iose, thai 
many of the fixed stars exceed a million of miles in diameter. 

We may pretty safely affirm, then^ that stars of the sixth 
magnitude, are not less than 900 millions of millions of miles 
distant from us ; or a million of times farther from us than tht 
planet Saturn, which is scarcely visible to the naked eye. 
Sut the human mind, in its present state, can no more appre- 
ciate such distances than it can infinity ; for if our earth, 
which moves at more than the inconceivable velocity of a mill- 
ion and a half of miles a day, were to be hurried from its orbit, 
and to take the same rapid flight over this immense tract, it 
would not traverse it in sixteen hundred thousand years; 
wafi, ^very ray of light, although it moves at the rate of one 
hundred and ninety-three thousand miles in a single second 
of time, is more than one hundred and seventy years in com- 
ing from the star to us. 

But what is even this, compared with that measureless ex* 
tent which the discoveries of the telescope indicate? Ac- 
cording to Dr. Herschel, the light of some of the nebulte, 
just perceptible through his 40 feet telescope, must have been 
a million of ages in coming to the earth ; and should any of 
them be now destroyed, they would continue to be perceptible 
for a million of i^ges to come. 

Dr. Herschel informs as, that the glass which he used, would sepscate tlsn 
■t497 thnca the distance of Sirius. 

It is one of the wonders pf creation that any phenomena 
of bodies at such an immense distance from us should be 
ncrceptible by human sight ; but it is a part of the Divine 
Maker's plan, that although they do not act physically upon 
as, yet tney should so far be objects of our perception, 



Suppose the light of Sirius to be twenty thousand million times less than that of 
our snn, how would it compare with that of a star of the sixtii magnitude? If w« 
suppose the two stars to be of the same size, how much ferther oft is the star of ths 
sixth magnitude, than Sirius is 7 Suppose Sirius to be placed where our Sun is, how 
wnM its apparent magnUude, and its light and heat compare with those qf t?te tun I 
Wtat Diay we generally affirm of the distance of stars (tf the sixth magnitude f Can 
tll0 htmian mind appreciate such distances? What illustrations can you give to show 
Uielr immensity] what is this distance compared with that of the telescopic stank 
tod ihe nebul»i Whyarr weablttoseebodiesatsocpwatadistancst 
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to ex|)an<] our ideas of the vastness of the universe, aa<) ot 
the stupendous extent and operations of his omnipotence. 

" With these facts before us," says an eminent astronomer 
and divine, " it is most reasonable to conclude, that those ex- 
pressions in the Mosaic history of Creation, which relates to 
tlie creation of the fixed stars, are not to be understood as 
r^ferrin^ to the time when they were brought into existence, 
as if they had been created about the same time with our 
earth ; but as simply declaring the fact, that, at whatever pe- 
riod in duration tney were created, they derived their extat" 
enc^from God?^ 

" That the stars here mentioned," ( Gen, i. 16.) says a dis- 
tinguished commentator,* " were the planets of our system, 
and not the fixed stars, seems a just inference from the fact, 
that after mentioning them, Moses immediately subjoins, 
^ And Elohim set them in the firmament of the heaven to 
give light upon the earth, and to rule over the day and oyer 
the night;' evidently alluding to Venus and Jupiter, which 
are alternately our morning and evening stars, and which 
' give light upon the earth,' far surpassing in brilliancy any 
01 the £^ed stars." 

However vast the univene now appears; however numerous the worlds 
which may exist within its boundless range, the lancoage of Scripture, and 
Scripture alone, is sufficiently comprehensive and sublime, to exi^ress ^1 thc: 
amotions which naturally arise in the minrl, when contemplating its structure. 
This shows not only the harmony which subsists between the discoveries of 
the Revelation and the discoveries of Science, but also forms by itself, a strong 
presumptive evidence, that the records of the Bible are authentic and divine. 

We have hitherto described the stars as being immoveable 
and at rest ; but from a series of observations on double stars. 
Dr. Herschel found that a great many of them have changed 
Cheir situations with regard to each other ; that some perform 
revolutions about others, at known and regular periods^ and 
that the motion of some is direct, while that of others is re- 
trograde ; and that many of them have dark spots upon theii 
surface, and turn on their axes, like the sun. 

A remarkable change appears to be graduallv taking place 
in the relative distances of the stars from eacn other in the 
constellation Hercules. The stars in this region appear to 
be spreading farther and farther apart, while those in the 
opposite point of the heavens seem, to close nearer and nearer 
together in the same manner as when walking through a 

* 8. Turner, F. S. A. R. A. S. L., 1833. 



With these facts before us, what may wc reasonably concliule with resanl to the 
exuressions in the Mosaic history wlilch relate to the creation of theflxeJstari? 
What is the opinion of Mr. Turner In rcganl to the stars here mentioned? To whjil 
is the expression, "To rule over the thy and over the nlirht," suppf'ScdtoaUuita' 
Give some acnuunt of the real motions of ih" tixwl stars. What remHrk:a;Ie cliongti 
aie \xiyinsi place in thc coustellatioii Hercuiesi 
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direst, the trees towards which we advance, appear to be 
cuustantly separating, while the distance between those 
which we leave behind, is gradually contracting. 

From this appeigrance it is concluded, that the Sur. with 
all its retinue of planetary worlds, is moving through ttie re- 
gions of the universe, towards some distant centre, or around 
some wide circumference, at the rate of sixty or seventy 
thousand miles/an hour ; and that it is therefore highly prob 
able, if not absolutely certain, that we shall never occupy 
that portion of absolute space^ through which we are at this 
moment passing, during all the succeeding ages of eternity.* 

The author of the CHRtsriAN Philosoi^her endeavours to 
convey some idea of the boundless extent of the universe, 
by the following sublime illustration : — 

" Suppose that one of the highest order of intelligences is 
endowea with a power of rapid motion superior to that of 
light, and with a corresponding degree of intellectual energy | 
chat he has been flying without intermission, from one pro- 
vince of creation to another, for six thousand years^ and will 
<ontinue the same rapid course for a thousand millions years 
10 come ; it is highly probable, if not absolutely certain, that, 
at the end of this vast tour, he would have advanced no far- 
ther than the ' suburbs of creation,' — and that all the magnifi- 
sent systems of material and intellectual beings he had sur- 
veyed, during his rapid flight, and for such a length of ages, 
oear no more oroportion to the whole empire of Omnipotence, 
than the sm9*iest grain of sand does to all the particles oi 
matter conta* ed in ten thousand worlds." 

Were a se iph, in prosecuting the tour of creation in the 
manner nov stated, ever to arrive at a limit beyond which 
no farther plays of the Divinity could be perceived, the 
thought wo ( overwhelm his faculties with unutterable emo- 
tions; he wv^uld teel that he had now, in some measure, 
comprehended all the plans and operations of Omnipotence^ 
and that no farther manifestation of the Divine glory remain- 
ed to be explored. But we may rest assured that this can 
never happen in the case of any created intelligence. 

Tbere fs rooreorer an aivament derivable from the laws of the phyticai 
irorlcL Uiat seems to strenfthen, I had almost said, to confirm, this idea of tho 
fnfimitf of the material universe. It is this— jjT the number of atare be finite, 
and occupy orUy a part ^spoee, f Ac cuttoard etara ttould be eontinueUly attracted 



» Professor Bessel does not fall in with this prevailing opinion. 

What conclusion isdiawn fVom this appearance) Shall we then probaMyever 
occupy that portion of space through which we are now p:tssing, ofFalnT AVhat lllna- 
tntlon does the author of the Christian Philosopher give in onJet to convey soma 
^doa of the boundless extent of the universe? Were a seraph ever tn arrive at a limit 
beyond which no farther displays of the divine glory could be perceived, how ^viiuhl 
llM Vlea aflbct him) Is it prahuble that such a place exists in the ur Ivorsc, or wUb'ok 
Sir icope of any created inteMigence } 
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to th tte unthtn^ andin time wnildunite tn <me. But (f the number he tnflnite^ < 
lAey occupy an infinite epace, all parte tovuld be nearly in eqw'lihria^ and eot^ 
eequently each fixed etar^ being eqtuUly attracted in every direction^ toould 
keep iteptaee. 

No wonder, then, that the Psalmist was so affected with 
the idea of the immensity of the universe, that he seems 
almost afraid lest he should he overlooked amidst the im- 
mensitv of beings that must needs be under the superintend- 
ence or God ; or that any finite mortal should exclaim, when 
contemplating the heavens — "What is man, that THOU art 
mindful of ium I" 



CHAPTER XVII. 

FALLING, OR SHOOTINQ STARS. 

/ 

The phenomenon of shootin? stars, as it is called, is com* 
mon to all parts of the earth ; but is most frequently seen in 
tropical regions. The unerring aim, the startling velocity, 
and vivid orightness with which they seem to dart athwart 
the sky, and as suddenly expire, excite our admiration ; and 
we often ask, " What can they be?" 

But frequent *as they are, this interesting phenomenon is 
not well understood. Some imagine that they are occasioned 
by electricity, and others, that they are nothing but luminous 
gas. Others again have supposed, that some of them are 
luminous bodies which accompany the earth in its revolution 
around the sun, and that their return to certain places mi^ht 
be calculated with as much certainty and exactness as that 
of any of the comets. 

Dr. Bumey, of Qosport, kept a record of all that he ob* 
served in the course of several years. The number which 
he noticed in 1819, was 121, and in 1820, he saw 131. Pro- 
fessor Green is confident that a much larger number are an- 
nually seen in the United States. 

Signior Baccaria supposed, they were occasioned by elec- 
tricity, and thinks this opinion is confirmed. by the following 
observations. About an hour after sunset, he and some^ 
friends, that were with him, observed a falling star, di)>ectiligil' 
its course directly towards them, and apparently grovVing 
larger and larger, but just before it reached them it disap- 

Wheve does the phemnneium of fiUHns, or shooting stars occur? Wliat is there fis 
excita oursttlmtration In this jibenomenon? Is this iiiterastiiig phenomenon well u» 
dorstTodi >l*hat are the diflbroni opinions in tejmni to thein? Fow tmny shooting 
4Kare diil Dr. Bumey observe in the years I8t9 anl 16*207 Is it TirohiUile thut ^ SMieo 
faoger nntiiber ts seen every year in the United Atates? What dfal Biiccaria mfiji6» 
they wei« occasioned by, and what observations did he maha to streos#fl his 
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;»eared. On vanishiDg, their faces, hands, and clothes, with 
tiie earth, and all the neighbouring objects, became suddji^nly 
illuminated with a diffused and lambent light. It was attend- 
ed with no noise. During their surprise at this appearance. 
A servant informed them, that he had seen a light snine sud- 
denly in the garden, and especially upon the streams which 
he was throwing to water it. 

The Signior also observed a quantity of electric matter col- 
lect about his kite, which had very much the appearance of a 
falling star. Sometimes he saw a kind of halo accompanying 
the kite, as it changed its place, leaving some glimmering o7 
light in the place it had quitted. 

Shooting stars have been supposed by those meteorolopsts 
who refer them to electricity or luminous ^as, to prognosticate 
changes in the weather, such as rain, wmd, &c. ; and there 
is, perhaps, some truth in this opinion. The duration of the 
brilliant tract which they leave behind them, in their motion 
through the air, will probably be found to be longer or shorter, 
according as watery vapour abounds in the atmosphere. 

The notion that this phenomenon betokens high winds^ is 
of great antiquity. Virgil, in the first book of his Georgics,, 
expresses the same idea : — 

**S»pe eiiam Stellas vento impendente Tidebis 
Prsecipites coelo labi ; noctisque per umbrjun 
FlaiDmanun longos a tergo aloescere tractua 

And oft, before tempestaoiis winds arise, 
The seeming stars rail headlong from the skies, 
And shooting thrquj^h the darkness, gild the night 
With sweeping glories and long trails of light ''^ 

The number of shooting stars, observed in a' single nighty 
though variable, is commonly veiy small. There are, how* 
ever, several instances on record or their falling in *' showers'* 
— ^wnen every star in the firmament seems loosened from its 
sphere, and moving m lawless fiiffht from one end of the 
heavens to the other. As early as the year 472, in the month 
'^f November, a phenomenon of this Kind took place near 
Constantinople. As Theophanes relates. " The sky appeared 
to be on fiie," with the corruscations of tne flying meteors. 

A shower of stars, exactly similar took place in Canada, between the 3d and 
ith of July, 1814. and another at Montreal, in November, 1819. In all these case% 
a residuum, or Mack duat, was deposited upon the surface of the waters, and upon 
the roofs of buildings, and other objects. In the year 1810, 'Mntlviied sub* 
stances," it is said, fell mto and around lake Van, in Armenia, which stained the 
water of a blood colour, and cleft the earth in various pl^es. On the &h of 

What was the appearance upon stieams of water) What dl<* lie observe at this 
tbne about his kite? What connexion are they suppoeed to have with meteorology Y 
What clraimstpLiice may we probably find to confirm this idea? Is this notion of very 
ancient, or of modem dbtel What is, uBually. the number of shooting stars observed 
In u single njffht? When, and where, occurred the first Instance, on record, sf theix 
fklliiig in great numbers 7 Mention some other hastances. ynmU remarkable ve»tig% 
toa$ left bif thsae meteoric tfuwen J 

14* . 
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September, 1819, a like pheooioenon was seen In Moravia. History iiinilslie* 
inanv niure instances of lueteoric showers, depoaiting a rea duatf in some piacdaw 
•0 pienriful as to admit of chymical analysis. 

The commissioner, '(Mr. Andrew EUicott,) who was seal 
out by uur government to fix the boundary between the Spanish 
possessions in North America and the United States, witness 
ed a very extraordinary flight of shooting stars, which filled 
Che whole atmosphere from Cape Florida to the West India 
Islands. This grand phenomenon took place the 12th of 
November, 1799, and is thus described : — " I was called up," 
says Mr. Eilicott, " about 3 o'clock in the morning, to see the 
shooting stars, as they are called. The phenomenon was 
grand and awtul. The whole heavens appeared as if illu* 
minated with skyrockets, which disappeared only by the light 
of the sun, after daybreak. The meteors, which at any one 
instant of time, appeared as numerous as the stars, flew in 
all possible directions exceptyro/?i the earth, towards which 
they all inclined more or less, and some of them descended 
perpendicularly over the vessel we were in, so that I was in 
constant expectation of their falling on us." 

Mr. Eilicott further states that his thermometer which had 
been at 80° Fahr. for the four days preceding, fell to 56® 
about 4 o'clock, A. M., and that nearly at the same time, the 
wind changed from the south to the northwest, from whence 
It blew with great violence for three days without intecmissio:^. 

These same appearances were observed, the same night, 
at Santa Fe de Bogota, Cumana, duito, and Peru, in South 
America ; and as far north as Labrador and Greenland, ex- 
lending to Weimar in Germany, being thus v'sible over an 
extent on the globe of 64° of latitude, and 94 ^ of longitude* 

The celebrated Hamboldti aecompanied by M. Bompland, t).en in S. America 
thus speaks of the jihenomenon: — ''Towards tlie morning of the 13(h of No* 
vembcr, 1799, we wimessed a most extraordinary scene of shooting meteors. 
Thousand:) of bolidea^ and falling stars succeeded e&cli other during four hoara. 
Their direction was very regular from north to south. From the ueginnlng oi 
the phenomenon there was not a space in the firmament^ equal in extent to 
three diameters of the moon, which was not filled, every instant, with bolidet 
or felling stars. All the meteors left luminous traces, or. phosphorescent bandi 
behind them, which lasted seven or eight seconds." 

This phenomenon was witnessad by the Capuchin missionarv at Sail Fer^ 
nando de Afiura, a village situatbd in lat. 7<^ 53' 12", amidst the savannalis of the 
province of Varinas ; by the Franciscan monks stationed near the cataracts of 
the Oronoco, and at Marca, oTn the banlcs of the Rio Nep:ro, lat. 2^ 40' long 
7U^ 2r, and in the west of Rrazii, as far as the equator itself; and also at tin 
city of Porto Cabello, lat, 10^ 6' 82'', in French Guiana, Po|iayan, Quito vid 
Peru. Ii is 8omewl\pt surprising that the same ap{>earanceB, observed in place* 
80 widely separated, amid the vast and lonely deserts of Sc ^th America, should 
have been seen, the same night, in the United States, in iabrador, in Oreeulaari, 
and at Itterstadt, near Weimar, in Germany 1 

RecUe irutaneea qftt Hmttar ittnd, in which a red diut has been deposited Describe 
tlie plienoroenon or shooting stars described by Mr. Eilicott, in 17M. Describe r^ 
mme iritMometum a» i«n, in South America, by HtimtoUU and othen. Xnwhatotittr 
want ^ the mrtlio<uUwitneiiied,mndl^whom'<f 



■ 
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We are told that thirty years before, at the city of Quito, 

There was seen in one part of the sky, above the yolcano 
of Cayamburo, so great a number of railing stars, that the 
•nountain was thought to be in flames. This singular sight 
lasted more than an hour. The people assembled in the 
plain of Kxida, where a magnificent view presents itself of 
the highest summits of the Cordilleras. A procession was 
i^ready on the point of setting out from the convent of St. 
Francis, when it was perceived that the blaze on the horizon 
was caused by fier^r meteors, which ran along the sKy in all 
directions, at the altitude of 12 or 13 degrees." 

But the most sublime phenomenon of shooting stars, of 
which the world has furnished any record, was witnessed 
throughout the United States on the morning of the 13th of 
November, 1833. 

The entire^ extent of this astonishing exhibition has not 
been precisely ascertained, but it cover«'d no inconsiderable 
portion of the earth's surface. It has been traced from the 
longitude of 61^, in the Atlantic ocean, to longitude lOO^' in 
Central Mexico, and from the North American lakes to the 
West Indies. 

It wafl not seen, however, tny trhere in Europe, nor tan South AmeHca, nc r In 
any part of the Pacific ocean yet heard from. 

fivery where, within the limits abovementioned, the first 
i4»pearance was that of fireworks of the most imposing 
grandeur, covering the entire vault of heaven with myriads 
of fireballs, resembling skyrockets. Their corruscationa 
were bright, gleaming; and mcessant, and they fell thick as 
the flakes in the early snows of December. To the splen- 
dours of this celestial exhibition, the most brilliant skyrockets 
and fireworks of art, bear less relation than the twinkling of 
the most tiny star, to the broad glare of the sun. The whole 
heavens seemed in motion, and suggested to some the awful 
grandeur of the image employed in the apocalypse, upon 
the opening of the sixth seal, when "the stars of heaven 
fell unto the earth, even as a fig-tree casteth her untimely 
figs, when she is shaken of a mighty wind." 

One of the most remarkable circumstances attending this 
display was, that the meteors all seemed to emanate from oue 
ang.the same point, a little southeast of the zenith. Following 
the arch of the sky, they ran along with immense velocity^ 

tieicilbe atioOier phenomenon of a ifmllar kind, teen in South America about thirty 
yiata befiire. When occurred the most sublfane phenomenon of chootinj; smn or 
which the world has any reconJ) How extensively was It wltnesied 7 Whntwaa 
ttie first appearance of the phenomenon? What scene in the a/poctdymB^ did it sugw 
fast to some? Fiom what point did the raetMn appear to emanaiai Describe theu 
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describing in some instances, an are of 30° or 40° in a few 
seconds. 

On more attentive inspection it was seen, that the meteors 
exhibited three distinct varieties ; the first^ consisting of 
phosphonc lines, apparently described by a point ; the secondf 
of large fireballs, that at intervals darted along the sky, leaT* 
ing luminous trains, which occasionally remained in view four 
a number of minutes, and, in some cases, for half an hour or 
more ; the third, of undefined luminous bodies, which remain* 
ed nearly stationary in the heavens for a long time. 

Those of the first variety were the most numerous, and 
resembled a shower of fiery snow driven with inconceivable 
velocity to the north of west. The second kind aj^peared 
more like falling stars — a spectacle which was contemplated 
by the more unenlightened beholders with great amazement 
andterrour. The trains which they left, wefe commonly 
white, but sometimes were tinged with various prismatie 
colours, of great beauty. 

These fireballs were occasionally of enormous size. Dr« 
Smith, of North Carolina, describes one which appeared larg- 
er than the full moon rising.'*^ '' I was," says he, '' startl^ 
by the splendid light in which the surrounding scene was 
exhibited, rendering; even small objects quite visible." The 
same ball, or a similar one, seen at New Haven, passed off in a 
northwest direction, and exploded a little northward of the 
star Capella, leaving, just behind the place of explosion, a 
train of peculiar beauty. The line of direction was at first 
nearly straight ; but it soon began to contract in length, to 
dilate in breadth, and to assume the figure of a serpent scrol- 
UNG itself up, until it appeared like, a luminous cloud of va- 
pour, floating gracefully m the air, where it remained m full 
view for several minutes. 

Of the third variety of meteors, the following are remark- 
able examples : — At Poland', Ohio, a luminous rody was dis- 
tinctly visible in the northeast for more than an hour. It was 
very orilliant, in the form of a pruning-hook, and apparently 
twenty feet long, and eighteen inches broad. It gradually 

• If this body wen at the distance of lio mOes, flrom the chaemr. It nuist haw tai 
a liaineter of one mile ; If at the distance of 11 miles. Its diameter was 5S8 feet ; and 
tf only one mile off, it must have been 48 feet in diameter. These consklenUMM 
leave do doubt, that many of the meteors were bodies of large tixe. 

What other appearances were observed upon more attentive Inspectlim? Give « 
moie particular account of the first variety. Of the second. What do we know la 
i^vdT to the size of these fireballs? Mow does Dr. Smith describe one seen by hln 
in north Carolina? What was the. appearance of the same or a similar ball, as nm 
•t New Haven 1 What was there peculiar in the course, and final disappeannee of III 
atipptm tM$ meteor tMuliOmwedUtmufrom Vto j^aeeqfol*Hrvanon,mlmttmi4 
hmre been ite dianuterJ iTtej, tfu were li miles dteumtJ WJuUt if onl^ OfMtaliit 
ilHitia I scQie examples of the third varlely of meteora 
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«sttled towaras toe horizon, until it disappeared. At Niagara 
Palls, a large, luminous body, shaped like a square table^ 
was seen near the zenith, remaining for some time almost 
stationary, emitting lar^e streams of light. 

The point from which the meteors seemed to emanate^' 
was observed by those who fixed Us position among the stars, 
to be in the constellation Leo ; and, according to their concur- 
rent testimony, this radiant point was stationary among the 
stars, during tne whole period of observation ; that is, it did 
not move along with the earth, in its diurnal revolution east- 
ward, but accompanied 4he stars in their apparent progress 
westward. 

A remarkable change of weather from warm to cold, ae- 
companied the meteoric shower, or immediately followed it»- 
In all parts of the United States, this change was remarkable 
for its suddenness and intensity^ In many places, the day 
preceding had been unusually warm for the season, but, be- 
fore the next morning, a severe frost ensued, unparalleled, for 
the time of year. 

In attempting to explain these mysterious phenomena, it is 
argued, m the first place, that the meteors had their origin 
beyond the limits of our atmosphere ; that they of cours» 
did not belong to this earth, but to the regions of space exte- 
rior to it. 

The reason on which Uiis eoncliMion Is fbimdedls Uilss— All bodies near Ui« 
earth, including the atmoopiiere itscli; have a common motion witli the earth 
■round its axis from west to east ; but the rtuUant pointy that indicated the 
■Burce from wh*ch the meteors emanated, followed tlte course of the stars 
from east to west ; therefore, it was independent of the eartli's rotation, and 
consequently, at a great distance from it, and beyond the limits of the atmos- 
phere. The height of the meteoric cloud, or radiant point, above the earth's 
surface was, according to the mean average of Professor OloiKted's obsert^ 
lions, not less than 2238 miles. 

That the^ meteors were constituted of very light, combus- 
tible materials, seems to be evident, from their exhioiling the 
actual phenomena of combustion, they being consumed, or 
converted into smoke, with intense light; and the extreme 
tenuity of the substance composing them is inferred from the 
iact that they were stopped by the resistance of the air. Had 
their quantity of matter been considerable, with so prodigious 
A velocity, they would have had sufficient momentum to dash 
tnem upon the earth ; where the most disastrous consequences 
might have followed. 

Jb whatconsCellatioii iiAthe point Itom which the meteors seemed to nvtiate^ 
What changes werjt OD»»Ad in the weather during or soon after this phenomenon? 
Ii^ttemuting to account Ibr these phenomena, what hypothesis has been iidvanccd 
-anf to the place where the meteors hml their origin T What U the reaaoning hu 
I thU hywMugU U twasttud i How high toot the meteoric ctoud auppmed to U 
MSM MS earmj What do we know in regard to the substance of which the meteors 
wiijre^ompoMd? What might have been the consequences, if their quantity of matlor 
wl OMB ooiiil4inUeY. 
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Tlie fnomentam of aven light bodies of sach sise, and in mch numben, tf«r 
ersing the atmosphere with such astonishing velocity, must have produced ex* 
««n8ive derangements in the atmospheric equilibrium. Cold air fn»m the unpet 
regions would be brought down to the earth ; the poniuns of air incumnoiil 
over districts of a>untr7 remote from each other, being mutually displacedj^ 
«r.aid exchange places, the air of the warm latitudes be transferred to coldet» 
and that of cold latitudes, to wanner regions. 

Vanoas hypotheses have been proposed to account for thia 
wonderful pbenomena. The asent which most readily^ suggests 
itself in this, and in many other unexplained natural appear- 
ances, is electricity. But no known properties of electricity 
are adequate to account for the production of the meteors, foil 
the motions, or for the trains which they, in many instances^ 
left behind them. Others, again, have referred their proximate 
cause to magnetism, and to phosphoretted hydrogen ; both 
of which, however, seem to be utterly insufficient, so far as 
their properties are known, to account for so unusual a phe- 
nomenon. 

Professor Olmsted, of Yale College, who has taken much 
pains to collect facts, and to establish a permanent theory for 
the periodical recurrence of such phenomena, came to the 
aonclusion, that — 

The meteors of November \Zih, 1833, emanated from a 
nebulous body, which was then pursuing its way along with 
the earth around the sun ; thai this body continues to re- 
volve around the sun, in an ellivtical orbit — btU little in- 
clined to the plane of the ecliptic, and having its aphelion 
near the orbit of the earth; and finally^ that the body 
has d period of nearly six nu>nths, and that its -perihelion 
is a little below the orbit of Mercury. 
. This theory, at least accommouates itself to the remarkable 
fdbt. that almost all the phenomena of this description, which 
are Known to hare happened, have occurred in the two opposite 
months of April and Novemher. A- similar exhibition of 
meteors to that of November, 1833, was observed on the same 
day of the week, April 20th, 1803, at Richmond, in Virginia, 
Stockbridge, Massachusetts, and at Halifax, in Britrsn Amer- 
ica. Another was witnessed in the autumn of 1818. in the 
North sea, when, in the language of the observers, '^all the 
surrounding atmosphere was enveloped in one expansive sea 
of fire, exhibiting the appearance of another Moscow m 
flames." 

Exactly one A/ear previous to the gr^t phenomenon of 
1833, namely, on the 12th of November, y82, a similar me» 

What (ffhex must the mmnentum tfeven light bodies qf mch tixs^movirur trtth wA 
vetoettyjiaoe had upon the atmoernere ? Mention some hypotheses wliich iiave ben 
ptoposed to account for tiiese meteors. To wtiat conchision did I*roftssor Olmsted, 
'along investigatieii, come, in regard to ttiem? To what ranaricable ftctsla 
tf i M M Me u a, is this theoiy adapted ? At what other correpponding peiiods bava 
iMan observad} 



fc. 
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leoric display was seen near Mocha, on the Jied sea, hj 
Capt. Hammond and crew, of the ship Restitution. 

A 9<«ntlcinan in South Carolhuiy thus describes the effect of the phenomenoo 
•f iSS, upon his ignorant hiaelcs : — " I was suddenly awalceoed by the most 
^stressing cries that ev^r fell on my cam. Shrieks of horrour, aud cries of 
uercy, I could hear from most of the negroes of three plantations, amount- 
ing in all to about six ur eight hundred. While earnestly listening for the 
cause, I lieard a faint voice near the door calling uiv name; I arose, and 
taking my sword, stood at the door. At this moment, 1 heard the same voice 
•till boseeobing me to rise, and saying, ' O ! uiy God, the world is on fire )' 
I then opened the door, and it is difficult to say which excited me most— the 
awfulness of the scene, or the distressed cries of the negroes ; upwards of 
one hundred lay prostrate on the ground— some speechless, and some with 
the bitterest cries, but most with their hands raised, imploring God to save 
the world and them. The scene was truly awful ; for never did rain fall much 
thicker, than the meteors fell towards the earth ; east, west, north, and 8outh« 
it was the atme I'* 



Since the preceding toent to prass, the Author ha^ been p(h 
litely fumishedy by Professor Olmsted, with the accom' 
panying communication, 

" I am happy to hear that you propose to stereotype ' 
your ' Geography of the Heavens.' It has done much, I 
believe, to diffuse a popular knowledge of astronomy, and 
I am pleased that your efforts are rewarded by an ex- 
tended patronage. 

" Were I now to express my views on the subject (JWe- 
teoric Showers) in as condensed a form as possible, I should 
state them in some such terms a^he following : The mete* 
oric showers which have pccurred for several years past on 
or about the 13th of November, are characterized byfouT 
peculiarities, which distinguished them from ordinary 
shooting fitars. First, they are far more numerous than 
common, and are larger and brighter. Secondly, they are 
in much greater proportion than usual, accompanied by 
luminous trains. Thirdly, they mostly appear to radiate 
from a common centre, — that is, were their paths in the 
heavens traced backwards, they would meet in the same 
part of the heaveqs : this point has for three years past, 
at least, been situated in the constellation Leo. Fourthly, 
the greatest display is every where at. nearly the same 
time of night, namely, from three to four o'clock— a time 
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about half way from midnight to sunrise. The meteo«s 
are inferred to consist of combuMihle matter, because they 
are seen to take fire and burn in the atmosphere. They 
are known to be very light, because, although they fall 
towards the earth with immense velocity, few, if any, ever 
reach the earth, but are arrested by the air, like a wad 
fired from a piece of artillery. Some of them are inferred 
to be bodies of comparatively great size, amounting in di- 
ameter to several hundred feet, at least, because they are 
seen under so large an angle, while they are at a great dis- 
tance from the spectator. Innumerable small bodies thus, 
consisting of extremely light, thin, combustible matter, 
existing together in space far beyond the limits of the at- 
mosphere, are believed to compose a body of iromenae 
extent, which has been called * the nebulour body.' Only 
the skirts or extreme portions of this are brought down to 
the earth, while the entire extent occupies many thousand, 
and perhaps several millions of miles. This nebulous body 
is inferred to have a revolution around the sun, as well as 
the earth, and to come very near to the latter about the 
I3th of November each year. This annual meeting every 
year, for several years in succession, could not take place 
unless the periodic time of the nebulous body is either 
nearly a year, or half a year. Various reasons have in- 
fluced the belief that half a year is the true period ; but 
this point is considered as somewhat doubtful. The zodi-. 
acal light, a faint ligltt that appears at different seasons of 
the year, either immediately preceding the morning or 
following the evening twilight, ascending from the sun in 
a triangular form, is with some degree of probability 
thought to be the nebulour body itself, although the exist- 
enc^jB of such a body, revolving in the solar system,- waf 
inferred to be the cause of the meteoric showers, before 
any connexion of it with the zodiacal light was evev 
thought oV^ 
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CHAPTER XVIII. 

Our at^f^ntion has hitherto been directed to those bodtei 
vhich we see scattered every where throughout the whole 
celestial concave. T hese bodies, as has been shown, twinkle 
with a reddish and variable light, and appear to have always 
the same position with regard to eacn other. We know 
hat their number is very great, and that their distance 
from us is immeasurable. We are also acquainted with 
their comparative brightness and their situation. In a 
word, we have before us their few visible appearances, to 
which our knowledge of them is well nigh limited ; al- 
most all our reasonmgs in regard to them being founded 
on comparatively few and uncertain analogies. Accord* 
ingly our chief business, thus far, has been to detail their 
number, to desi-ribe their brightness and positions, and to 
give the names by which they have been designated. 

There now remain to be considered certain other ce> 
testial bodies, all of which, from their remarkable appear^* 
mice and changes, and some of them from their intimate 
connection with the comfort, convenience, and even ex* 
istence of man, must have always attracted especia) ob 
servation, and been objects of the most intense contemplatioo 
and the deepest interest. Most of these bodies are situ* 
ated within the limits of the Zodiac. The most important 
of them are, the Sun, so superior to all the heavenly bodies 
for its apparent magnitude, for the light and heat which 
it imparts, for the marked effects of its changes of position 
with regard to the Earth ; and the Moon, so conspicuous 
di'uC^nc th"* YiflNiefi which ffive lifirht bv ni^ht, and from 
ner sott and silvery brightness, so pleasing to benold; 



To what pnrticulan is our knowledge of the fixed stan, thoee heavenly boifiee vrhUk 
W9 have heietofora been contidenn^. well nigh confined 7 Where are the bodiea wbM|h 
iaiBtobeoooBidered,aitttaiea? WJadi of tham are the moetunportaatl 

If 
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markable not oi ly for changes of position , but fur the 
Taried phases or appearances which she presents, a? she 
waxes from ner crescent form through all her difleient 
!«tages of increase to a full orb, and wanes back again to 
her former diminished figure. 

The partial or total obscuration of these two bodies, which 
sometimes occnirs, darkness taking place even at mid-day, 
and the face of night, before lighted up by the Moon-s beams, 
being suddenly shaded by their absence, have always been 
among the most striking astronomical phenomena, and so 
powerful in their influence upon the beholders, as to fill them 
with perplexity and fear. If we observe these two bodies, 
we shall find, that, besides their apparent diurnal motion 
across the heavens, they exhibit other phenomena, which 
must be the effect of motion. The Sun during one part of 
the year, will be seen to rise every day farther and farther • 
towards the north, to continue longer and longer above 
the horizon, to be more and more eleva^d at mid-day, 
until he arrives at a certain limit ; and then,* during the other 
part, the order is entirely reversed. The Moon sometimes is 
not seen^t all; and then, when she first becomes visible, 
appears in the west, not far from the setting ^n, with a slen- 
der crescent form; every night she appears at a greater 
distance from the setting Sun, increasii^g^ m size, until at 
length she is found in the east, just as the Sun is sinlimg 
below the horizon in the west. 

The Sun, if his motions be attentively observed, will be 
found to have another motion, opposite to his apparent dinrnal 
motion from east to west. This may be perceived distinct- 
ly, if we notice, on any clear evening, any bright star, which 
is first visible after sunset, near the place where he sunk 
below the horizon. The following evening, the star will 
not be visible on account of the approach of the Sun, and all 
the stars on the east of it will be successively eclipsed by 
his rays, until he shall have made a complete apparent revo- 
lution in the heavens. These are the most obvious pheno- 
mena exhibited by these two bodies. 

There are, also, situated within the limits of the Zodiac, 
certain other bodies, which,, at first view,an^ona superficial 
examination, are scarcety distinguishable from the fixed 
stars. But observed more attentively, they will be seen to 
shine with a milder and steadier light, and besides being 
carried round with the stars, in the appareim revolution of 
the great celestial concave, they will seem to change their 

'"'^■BtftethemottiibvioatpheiioimDaoftiieSun and Moon. lleicribetheiiMMtobviaai 
^""^ of Um plaueti. 
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pinces in the concare itself. Sometimes they are i^tation- 
ary ; sometimes they appear to be moving from west to ease, 
and sometimes to oe goino^ back again from east to west ; 
being seen at sunset sometimes in the east, and sometimes 
in the west, and always apparently changing their position 
with regard to the earth, each other, and the other neaven- 
ly bodies. From their wandering as it were, in this man- 
ner, through the heavens, they were called by the Greeks 
irXuviini, planets, which signifies wanderers. 

There also sometimes appear in the heavens, bodies of a 
very extraordinary aspect, which continue visible for a con- 
siderable period, and then disappear from our view ; and noth- 
ing more is seen of them, it may be for years, when they 
again present themselves, and take their place among the 
bodies of the celestial sphere. They are distinguished from 
the planets by a dull and cloudy appearance, and by a train 
ckf light. As they approach the sun, however, their taint and 
nebulous light becomes more and more brilliant, and their 
train increases in length, until they arrive at their nearest 
point of approximation, when they shine with their greatest 
brilliancy. As they recede from the Sun, they gradually 
lose their splendour, resume their faint and nebulous appear- 
ance, and their train diminishes, until they entirely disap- 
pear. They have no well defined figure ; they seem to move 
in every possible direction, and are found in every part of 
the heavens. From their train, they were called oy the 
Greeks /ro/nirat, comets, which signifies having long hair. 

The causes of these various phenomena must have early 
constituted a very natural subject of inquiry. Accordingly, 
we shall find, if we examine the history of the science, that 
in very early times there were many speculations upon 
this subject, and that different theories were adopted to ac* 
count for these celestial appearances. 



The Egyptians, Chaldeans, Indians, and Chinese, early possessed many astro> 

omical facts, many observations of important phenomena, and many rules 

and metlioda of astronomical calculation; and it nas been imagined, that they 



had tlie ruins of a great system of astronomical science, which, in the earliest 
ages of the world, had been carried tq a great degree of perfection, and that 
while the principles and explanations of the phenomena were lost, the isokted, 
unconnected facts, rules of calculatioQ, and phenomena themselves, remain* 
ed. Thus, the Chinese, who, it is generally agreed, possess the oldest authen. 
tie observations on record, have recorded in their annals, a conjunction of 
five planets at the same time, which happened 2461 years before Christ, or 100 
years before the tlood. By mathematical calculation, it is ascertained that this 
conjunction really occurred at that time. The first observation of a solar 
eclipse of which tt^^orld has any knowledge, wad made by the Chinese, 2128 
years before Christ, or 220 years after the deluge. It seems, also, that the 
Chinese understood the method of calculating ecUpses ; for, it is said, that the 

Wlienee do tiiejr derive thei>'naine} Describe the oometi. Whence is tiieir nams 
derived 1 lV?uu oriental nations earty possesaed many important attronumical faoU 
§t§ervatUm$, and ruitt J Whence u it euppoeeii that they oktaitwi them 7 



ITU aBMUUL rafivoMBKA 

emperor wu so irritated agBiait the great otBcert of stite for negleetiiic to pve* 
diet the erlipi<e, tnat he caused them to be put to death.* The astrononueid 
epoch c( the Chinese, according to Bailly, commenced with Fetii, Uiehr flxK 
emperor, who Hourisneci 2962 years before the Christian era, or about 3Q0 
yeai'3 before the deluge. If it be asked how the knowledge of this antedfao- 
vian astronomy was preserved and transmitted, it is said that the column* am 
whicli it was registered have survived the deluge, and that tliose of JBgypt are 
only copies which have become originals, nuw that the others have been foiv 
gotten. The Indians, also, profess to have inany celestial observations of • 
very early date. The Chaldeans have been justly celebrated in all ages for 
their astronomical observations. When Alexander took Babylon, his precep* 
tor, CalUsthenes, found a series of Chaldean observations, made in that citjTi 
and extending back with little interruption, through a period of 1903 vears pro* 
ceding that event. This would carry us back to at least 2234 years before the 
birth of Christ, or to about the time of the dispersion of manicind by the con- 
fusion of tongues. Though it be conceded, that upon this whole period in the 
history of the science, the obscurity of very remote autiguity must necessari* 
ly rest, still it will remain evident that the phenomena olthe heavenly bodies 
had been observed with great attention, aod tutd been a subject of no ordiuary 
interest. 

But however numerous or important were the observations of oriental an* 
dquity, they were never reduced to the shape aod symmetry of a regular 
system. 

The Greeks, in all probability, derived many notions in regard to this scl 
ence, and many facts and observations, from Egypt, the great fountain i f an* 
eient learning and wisdom, and maiiy were the speculations and hynothesee 
of their philosophers. In the iabulous period of Grecian histdry, Atlas. Her^ 
cules, Linus, and Orpheus, are mentioned as persons distinguished for their 
knowledge of astronomy, and for the improvements which they made in the 
science. But in regard to this period, little is known with certainty, and tl 
uiust be considered, as it is termed, fabulous. 

The first of the Greek philosophers who taught Astrono- 
my, was Thales, of Miletus. He flourished ahout 64C 
years before the Christian era. Then followed Anaximan 
der, Anazimenes, Anaxagoras, Pythagoras, Plato. — Som€ 
of the doctrines maintained by these philosophers were, that 
the Earth was round, that it had two motions, a diurnal mo- 
tion on its axis, and an annual motion aroun^ the Sun, that 
the Sun was a globe of fire, that the Moon received her light 
&om the Sun, that she was habitable, contained mountains 
geas, Sec, ; that her eclipses were caused by the Earth's 
shadow, that the planets were not designed merely to adorn 
our heavens, that they were worlds of themselves, and tha* 
the fixed stars were centres of distant systems. Some oi 
them, however, maintained, that the Earth was fiat, nnd 
others, that though round, it was at rest in the centre of the 
universe. 

When that distinguished school of philosophy was estab- 
lished at Alexandria, in Egypt, by the munificence of the 



* It is well known that the Chinese have, from time immemorial, considered Solar 
Be.^pscs and Conjunctions of the planets, as nrognostica ofimpoftaace to the Enpiie, ana 
rkai they have been predicted as a ruatter or State policy. V 
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sovereigns to ivhom that portion of Alexander's empire had 
fallen, astronomy received a new impulse. It wa.« now, in 
the second century after Christ, that the first complete sys- 
tem or treatise ot astronomy, of which we have any know- 
ledge, was formed. All before had been unconnected and 
incomplete. Ptolemy, with the opinions of all antiquity, 
and of all the philosophers who had preceded him, spread 
out before him, composed a work in thirteen books, called 
the MevaXfT Lwra^Kj OT Great System. Rejecting tne doc- 
trine ot Pythagoras, who taught that the Sun was the centre' 
of the universe, and that the Earth had a diurnal motion on 
its axis and an annual motion around the Sun, as contrary 
to the evidence of the senses, Ptolemy endeavoured to ac- 
count for the celestial phenomena, by supposing the Earth 
to be the centre of the universe, and all the heavenly bodies 
to revolve around it. He seems to have entertained an idea 
in regard to the supposition, that the Earth revolved on its 
axis, similar to one which some entertain even at the pre- 
sent day. " If," says he. " there were any motion of the 
Earth common to it and all other heavenly bodies, it would 
certainly precede them all by the excess of its mass being 
so great ; and animals and a certain portion of heavy bodies 
would be left behind, riding upon the air, and the Earth 
itself would very soon be completely carried out of the 
heavens." 

In expIainioK the celestial phenomena, howeTer, upon his hypothesis, he 
met w-th a difficulty in the apparently statiooarj attitude and retroffrade mo- 
tions which he saw the planets sometimes have. To explain this, however, 
he supposed the planets to revolve in small circles which he called epi> 
cycles, which were, at the same time, carried around the Earth in larger 
circles, which he called deferents, or carrying circles. In following out his 
th?ory and applying it to the explanation of different phenomena, it became 
necessary to add new epicycles, and to have recourse to other expedients, 
until the system became unwieldy, cumbrous, and complicated. This 
rheory, aithoiigh astronomical observations continued to be made, and some 
disUiiguislicd astronomers appeared from time to time, was the prevailing 
theory until the middle of tne 15th century. It was not, however, alteaya 
received with implicit confidence; nor were its difficulties altoaya entird/ 
unappreciated. 

Alphonso X., king of Castile, who flourished in the 13th century, when 
conteinplaring the doctrine of the epicycles, exclaimed, "Were the universe 
thus confttrncted, if tlie deity had called me to his councils at the creation 
of the world, I could have given him good advice.'* He did not, however, 
mean any impiety or irreverence, except what was dire ted against the system 
of Ptolemy. 

About the middle of the 15th century, Copernicus, a 
native of Thorn in Prussia, conceiving a passionate attach- 
ment to the study of astronomy, quitted the profession of 

When was tho first complete systiim of Astronomy written, and by whom 7 Is how 
many Ixwlcs was it comprised, and what was tiie work called ? What was tlw 
■ystem of Ptolemy? How did Ptolemy explain the efattotu and reiroffradattoHM 
ofthepaneui How lonf vhu tfu eystem of Pt^emy the prevaUin^ ryetMt f IFm 
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medicine, and devoted himself, with the most intense ard<mr. 
to the study of this science. "His mind," it is said, "uaJ 
long been imbaed with the idea that simplicity and harmony 
should characterize the arrangements of the planetary sys- 
tem, tn the complication and disorder which, he saw, 
reigned in the hypothesis of Ptolemy, he perceived insuper- 
able objections to its being considered as a representation of 
nature." 

In the opinions of the Egyptian sages, in those of Pytha- 
goras, Philolaus, Aristarchus and Nicetas, he recognised his 
own earliest conviction that the Earth was not the centre of 
the universe. His attention was much occupied with the 
speculation of Martinus Capella, who placed the Sun be- 
tween Mars and the Moon, and made Mercury and Venus 
revolve around him as a centre, and with the system of ^p- 
polionius Pergceus, who made all the planets revolve around 
the Sun, while the Sun and Moon were carried around the 
Earth in the centre of the universe. 

The examination, however, of these hypotheses, gradual- 
ly expelled the difficulties with which the subject was beset, 
and after the labour of more than thirty years, he was per- 
mitted to see the true system of the universe. The Sun he 
considered as immoveable, in the centre of the system, 
while the earth revolved around him, between the orbits ol 
Venus and Mars, and produced by its rotation about its axis 
all the diurnal phenomena of the celestial sphere. The 
other planetsxhe considered as revolving about the Sun, in 
orbits exterior to that of the Earth. (See the Relatipe Po- 
rtion of the Planets* Orbits, Plate /. of the Atlas.)' 

Thus, the stations and retrogradations of (he planets were 
the necessary consequence of their own motions, combin- 
ed with that of the Earth about the Sun. He said that 
"bv long observation, he discovered, that if the motions 
of the planets be compared with that of the Eaith, and be esti- 
mated according to the times in which they perform their 
revolutions, not only their several appearances would fol- 
low from this hypothesis, but that it would so connect the 
order of the planets, their orbits, magnitudes, and distances, 
and even the apparent motion of the Sxed stars, that it would 
be impossible to remove one of these bodies out of its place 
without disordering the rest, and even the whole of the uni- 
verse also." 

Soon after the death of Copernicus, arose fT/cho Brahe.' 
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riirn at Knudstorp, in Norway, in 1546. Such was the 
(iistiDction which he had attained aa an astronoiaer, that 
when dissatisfied with his residence in Denmark, he had re- 
solved to remove, the king of Denmark, learning his inten* 
* tions, detained him in the kingdom, by presenting him with 
/the canonry of Rothschild, with an income of 2000 crowns 
Iter annum. He added to tnis sum a pension of 1000 crowns, 
gave him the island of Huen, and established for him an ob 
strvatory at, an expense of about 200,000 crowns/ Here 
Tycho continued, for 'twenty-one years{ to enrich astronomy 
with his observations. His observations uppn the Moon 
weK important, and upon the planets, numerous and precise, 
and have formed the data of the present generalizations in 
astronomy. He, however, rejected the system of Coperni- 
cus /considering the Earth as immoveable in the centre of 
the system, while the Sun, with all the planets and comets 
revolving around him, i)erformed his revolution around the 
earth, and, in the course of twenty-four hours, the stars also 
revolved about the central body J This theory was not as 
simple as that of Copernicus, and'involved the absurdity of 
making the Sun, planets, dbc. revolve around a body com- 
pkrativeiy insignificant^ 

Near tne close of the 15th century, arose two men, who 
wrought most important changes in the science, ''Kepler, 
and Galileo, the former a German, ' the latter an Italian) 

Previous to Kepler, all investigations proceeded upon the 
supposition that the ulanets moved in circular orbits, which 
had beejn a source of much err(Mr. This supposition Kepler 
showed to be false. (He discovered that their orbits were 
ellipses. The orbits of their secondaries or moons he also 
found to be the same curve. He next determined the di- 
mensions of the orbits of the planets, and found to what 
their velocities in their motions througn their orbits, and the 
times of their revolutions, were proportionedj all truths of 
the greatest importance to the science. 

While Kepler was making these discoveries of facts, very 
essential for the explanation of many phenomena, Galileo 
was discovering wonders in the heavens never before seen 
by the eye of man. Having improved the telescope, and 
applied it to the heavens, he observed mountains and valleys 
upon the surface of our Moon ; satellites or secondaries 

WI«UmdueenMatadidtheUnfforDemniiikofftrhimtotemAininth0lui^^ How 

loriifdid he continue to roaku ol«ervatJonfl in bis obaervatorr in the istuid oTHurn 1 How 
w<ure tho lio«venly bodies anunced. in his sjrstem ) What absurdity did it inviWve 1 What 
two iilusUimn astrononien nuwie several very important discoveries soon after tb« time 
«f Tycho BnbB ) What ware the diseoveries of Kepier 1 What were Uie diaisoveries or 
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were discovered revolving about Jupiter; and Venus, nn 
Copernicus had predicted, was seen exhibiting all the difler- 
ent phases of the Moon, waxing and waning as she does, 
throughr various forms. Many minute stars, not visible to 
the naked eye, were descried in the milky-way ; and the 
largest fixed stars, instead of being magnified, appeared to 
be small brilliant points, an incontrovertible argument in fa- 
vour of their immense distance from us. All his discoveries 
served to confirm the Copernican theory, and to show the 
absurdity of the hypothesis of Ptolemy. 

Although the general arrangement and motions of the 
planetary bodies, together with the figure of their orbits, 
had been thus determined, the force or power which car- 
ries them around in their orbits, was as yet unknown. 
The discovery of this was reserved for the illustrious New- 
ton.* By reflecting on the nature' of gravity — that power 
which causes bodies to descend towards the centre of the 
earth — since it does not sensibly diminish at the greatest dis- 
tance from the centre of the earth to which we can attain, be- 
ing as powerful on the loftiest mountains as it is in the deep- 
est caverns, he was led to imagine that it might extend to the 
Moon, and that it might be the power which kept her in her 
orbit, and caused her to revolve around the Earth. He was 
next led to suppose that perhaps the same power carried the 
primary planets around the Sun. By a series of calculations, 
he was enabled at length to establish the fact, that the same 
force which determines the fall of an apple to the Earth, car- 
ries the moons in their orbits around the planets, and the 
planets and comets in their orbits around the Sun. , 

To recapitulate briefly : the system, (not hypothesis, for 
much of it has been estaolished by mathematical demonstra- 
tion,) by which we are now enabled to explain with a beauti* 
ful simplicity the difierent phenomena of the Sun, planets, 
moons, and comets, is, that the Sun is the central bo(ly in 
the system ; that the planets and comets move round him in 
elliptical orbits, whose planes are more or less inclined to 
each other, with velocities bearing to each otherf a cer- 
tain ascertained relation, and in times related to their dis^ 
tances; that the moons^ or secondaries, revolve in like man^ • 
ner, about their primaries, and at the same time accompany 
- t ■ •■ -I 

* The disoovery of Newton was in lome measdre antidiMted bj Copemisua, Keplei 
and Hooke. . , , 

t The wbits or natha of the phineta were discovered by traeiof the coune of the ptauut 
br ir«,aii8 of the fixed itare. 

t 
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Ibem in their motu» arooad the So a ; all meanwhile reTol- 

Yui^ on axes of their own ; and that these revolutions in their 
o.'bitSj are produced by the mysterious power of attraction. 
The particular mode in which this system is applied to the 
explanation of the different phenomena, will oe exhibited 
as we proceed to consider, one by one, the several bodies 
above mentioned. 

These bodies, thus arrang^ed and thus revolving, consti 
tute Avhat is termed the solar system. The planets have 
been divided into two classes, primaries and secondaries. 
The latter are also termed moons, and sometimes satellites. 
The primaries are those which revolve about the Sun, as 
a centre. The secondaries are those which revolve about 
the primaries. There have been discovered eleven prima- 
ries ; namely, Mercury, Venus, the Earth, Mars, Vest,^ 
Juno, Ceres, Pallas, Jupiter, Saturn, and Herschel ; of which, 
Mercury is the nearest to the Sun, and the others follow, 
In the order in which they are named. Vesta, Juno, Ceres, 
and Pallas, were discovered by means of the telescope, and, 
because they are very small, compared with the others, are 
called asteroids. There have been discovered, eighteen 
secondaries. Of these, the Earth has one, Jupiter four, 
Saturn seven, and Herschel six. All these, except our 
Moon, as well as the asteroids, are invisible to the naked 
eye. 

Plate 1, or the Atlas, ** exhibits a plao of the Solar Sjsteni,*' comprising the 
relative magnitudeaorthe dan and Planets ; their comparative distances (\rora 
the Sun, and from each other ; the position of their orbits, with respect to 
each ether, the Earth, and the Sun ; togetlier with many other particubra 
wMch are explained on the map. There, the first and most prominent object 
which claiiu8 attKntion, is the representation of the Sun's circamference, witW 



its deep radiations, bounding the upper margin of the map. It is apparent, 
however, that this segment is hardly one aixth of the whole circumference of 
which it Is a part, were the map sufficiently large to admit the entire orb 



•f the Son, even upon so diminutive a scale as there represented, we should 
then see the Sun and Planets in their just proportions — ^the diameter of the 
former being 112 times the diameter of the Eartli. 

It was intended, originally, to represent the Earth upon a leale of one inch 
in diameter, and the other bodies in that proportion ; but it was found that It 
would increase the map to 4 times its size ; and hence it became necessary to 
assume a scale of /m/f an inch for the Earttt's diameter, which makes that of 
the Sun 56 inches, and the other bodies, as represented upon Che map. 

The relative position of the Planets' Orbits is also represented, on a scale 
as large as the sheet would permit. Their relative distances from the Sun as a 
eentre, and from each other, are there shown correctly : But had we wished 
to enlarge the dimensions of these orbits, so that they would exactly corres- 

S'ond with the scale to which we have drawn the planets, the map must have 
een nearly 4 miles in length. Hence, says Sir lonn Herschel, "the idea that 

What is meant by the Sdar System 7 Into what two classes have the planets been di 
wHM 7 Define n primary planet. Define e secondary planet How many pnmary plan 
rtfl have been discoverud 7 What etc their nameo, and what tlie aider of their distance 
fromthesan? Which of ihem were discovered by means of the telescope? Why are 
these termed asteroids 7 Uow many secondaries have been discovered 7 How are thev 
dwtribtiled among the prinaiissi WUefa of tbe pdniaes and saooariaiiss am inviiiM* 
lotJie naked eyaf 
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we c»n eoavej correct notioiu on this dubject, bj dFBwing cSrelsf oa ]ii|;«ff 
b out of the qaeotion." ^^ 

To illustrate this. — ^Let us suppose ourselves standing on an eztt^nded pianr^ 
or field of ice, and that a globe 4 feet 8 iuches iu diameter is pUced in t>>e 
centre of the plane, to represent the Sun. Having cut out of the map, t/M 
dark circles representing the planets, we may proceed to arrange them in 
their respective orbits, about the 6un, as follows : 

First, we should take Mercury, about the size of a small currant, and place 
it on the circumference of a circle. 191 feet from^ the Sun ; this circle would 
represent the orbit of Mercury, in the proper ratio of its magnitude. Next, 
we should take Venus, about the size of a rather small cherry, and place it on 
a circle 3fi2 feet from the Sun, to represent the orbit of Venus : Then would 
come the Earth, about the size of a cherry, revolving in an orbit 600 feet from 
the Sun :— After the E^rth, we should place Mars, about the size of a cranber- 
ry, on a circle 762 feet from the Sun :— Neglecting the Asteroids, some of which 
would Mot be larger than a pin's head, we should place Jupiter, hardly equal 
to a moderate sized melon, on a circle at the distance of half a mile (2601 feet) 
from the Sun ; — Saturn, somewhat less, on a cirle nearly a mile (47G9 feet) 
from the Sun ; and last of all, we should place Ilerschel, about the size of a 

Seach, on the circumference of a circle nearly 2 miles (9591 feet) from the 
un. 

To imitate the motions of the planets, in the abovementioned orbits, Mercn* 
ry must describe its own diameter in 41 seconds ; Venus, in 4 miautes 14 
seconds; the Earth, in 7 minutes; Mars, in 4 minutes 48 seconds : Jupiter, 
in 2 hours 56 minutes ; Saturn, in 3 hours 13 minutes ; aqd Herscbel, m2 boon 
16 minutes. 

Many other interesting subjects are embraced in Plate 1 ; but they are 
either explained on the map, or in i\\e irUnwing Chapters, to which they re«> 
pectively relate. 



CHAPTER XIX. 

THE SUN. 



The sun is a vast globe, in the centre of the solar system, ^ 
dispensing light and heat to all the planets, and* govern- 
ing all their motions. 

It is the great parent of vegetable life, giving warmth to 
the seasons, and colour to the landscape. Its rays are the 
cause of various vicissitudes on the surface of the earth and 
in the atmost>here. By their agency, all winds are pro- 
duced, and the waters of the sea are niade to circulate io 
vapour through the air, and irrigate the land, producing 
springs and rivers. 

The Sun is by far the largest of the heavenly bodies 
whose dimensions hare been ascertained. Its diameter is 
something more than 887 thousand miles. ~ Consequently, it 
contains a volume of matter equal io fourteen hundred thoth 
sand globes of the size of the Earth. Of a body so vast in 
its dimensions, the human mind, with all its efforts, can 

Mention some of the etfoeU produced by the Sun. What is its mnxnitude oongpue4 
Willi that of the other heavenly hodtes-whose dimensions have been estunated 1 WWt b 
Is diameter 1 How much laifer is the Son than the Earth > 
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(orm DO adequate conception. The whole distance between 
The Earth and che Moon would not suffice to embrace one 
third of its diameter. 

If ere tet the stadent refer to Plate I. where the Relative Magnitudes of tlie 
Son and Planets are exhibited. Let him compare tlie segment of the Sun's 
circumference, as there represented, with the entire circumference of the 
Eanh. They are both drawn upon the same scale. The segment of the Sun's 
circumference, since it is almost a straight line, must be a very small part of 
what the whole circumference would be, were it represented entire. Let the 
student understand this diagram, and he will be in some measure able to con* 
cetve how lilte a mere point the Earth is, compared with the Sun, and to form 
ia his mind some image of the vast magnitude of the latter. 

Were the Sun a hollow sphere, perforated with a thousand ' 
openings to admit the twinkling of the luminous atmosphere 
around it — and were a globe as large as the Earth placed 
at its centre, with a satellite as lar^e as our Moon, and at 
the same distance from it as she is from the earth, there 
would be present to the eye of a spectator on the interior globe, 
a universe as splendid as that which now appears to the un- 
instructed eye — a universe as large and extensive as the 
whole creation was conceived to be, in the infancy of astron- 
omy. 

The next thing which fills the mind with wonder, is the 
distance at which so great a body must be placed, to occupy, 
apparently, so small a space in the firmament. The Sun's 
mean distance from the Earth, is twelve thousand times the 
Earth's diameter, or a little more than 95 millions of miles. 
We may derive some faint conception of such a distance, 
by considering that the swiftest steamboats, which ply our 
welters at the rate of 200 miles a day, would not traverse it 
' m thirteen hundred years ; and, that a cannon ball, flying 
night and day, at the rate of 16 miles a minute, would not * 
reach it in eleven years. 

The Sun, when viewed through a tefescope, presents th'j 
appearance of an enormous globe of fire, frequently in a 
state of violent agitation or ebullition ; dark spots of irregu- 
lar form, rarely visible to the naked eye, sometimes pass 
over his disc, from east to west, in the period of nearly 
^ fourteen days. 

These spots are usually surrounded by a penumbra, and 
that, by a margin of light, more brilliant than that of the 
Sun. A spot when first seen on the eastern edge of the 
Sun, appears like a line which progressively extends in 
breadth, till it reaches the middle, when it begins to contract| 

Wliat is the whole diatancc between the Earth atuf the Moon, oamoared with the di* 
ameter of t>io Sun J Give some illustratiun to enable m to conocive of the m^ifnitude of 
the Sun. What is the distance of tlw Sun froni the Earth 7 Give some iilust/ation toen- 
able m to conceive of the distance. What is the appearance of the Sun *fhen vi*>wnd ' 
thrwieli 8 telesnope ? Tn what Uino rio the s? >ntR tmtn no the Sun pasa acriWi the (ii«r.l 
m wluit ilinetiur. do tiiur ni<iv« ) U-if :nlM> tiutir a:>ut>iinui^ 



flnd ultimately disappears, at the westeni edffe. la amms 
rare instances, the same spots re appear on the easr side-, 
and are permanent for two or three resolutions. But, as 
a general thing, the spots on the Sun are neither permanent 
nor uniform. Sometimes several small ones unite into i> 
large one ; and, again, a large one separates into numer 
ous small ones. Some continue sereral days, weeks, and 
even months, togetlier; while others appear and disappear, 
in the course of a few hours. Those spots ttiat are formed 
gradually, are, for the most part, as gradually dissolved ; 
whilst those that are suddenly formed, generally vanish as 
quickly. 

It is the general opinion, that spots on the Sun were 
first discovered by Galileo, in the beginning of the year 
1611 ; though Scheiner, Harriot, and Fabricius, observed 
them about the same time. During a period of 18 years 
from this time, the Sun was never found eniirely clear of 
spots, excepting a few days in December, 1624 ; at other 
times, there were frequently seen, twenty or thirty at a 
time, and in, 1635, upwards of fifty were seen at once. 
From 1650, to 1670, scarcely any spots were to be seen ; 
and, from 1676, to 1684, the orb or the Sun presented an un- 
spotted disc. Since the beginninjs^ of the eighteenth cen 
tury, scarcely a year has passed, in which spots have not 
been visible, and frequently in great numbers. In 1799, 
Dr. Herschel observed one nearly 30,000 miles in breadth. 

A single second of angular measure, on the Sun's disc, as seen from ths 
earth, corresponds to 4(J2 miles ; and a circle of this diameter (containiBg there* 
fore nearly 230,000 square miles) is the least space which can be distinctly dis* 
cerned on the bun as a visible area^ even by the most powerful glasses. iSnots 
have been observed, however, whose linear diameter has been more tlisii 
44,000 miles } and, if some records are to be trusted, of even still greater 
extent' 

Db. Dick, in a letter to the author, says, " I have for many years examined 
the solar spots with considerable minuteness, and have several times seea 
^K>ts which were not less than the one twenty-fifth part of the Sun's diameter, 
which would make them about 22,1%2 miles in diameter, yet they were visible 
neither to the naked eye, nor throush an opera (^lass, magnifying about thref 
times. And, therefore, If any spots nave been visible to the naked eye— which 
we must believe, unless we refuse respectable testimony— they could not 
have been much less than GO^OOO miles in diameter." 

' The apparent motion of these spots over the Sun's sur- 
face, is continually varying in its direction. Sometimeti 
they seem to move across it in straight lines, at othe^ in 
curve lines. These phenomena may be familiarly illustra- 
ted in the following manner. 



19o the sans snots ever le-apprar on the east side? Are the.spots ffGoeralhr pemaiKBA 
md wiifonn ? OeMribetfaoir omnilarities} Who, is itooierally simpased. jRist dnoom- 
«ia|MtsootlisSiai7 Wboelseofascrved them aliout the. same time \ What was Iks 
^ewMiartheoiissesolvDcHsnehslinlTWl lawbatdiraetaondotbt vols so Ito 
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Let E E represent the ecliptic ; N S^ its north ano Mvrh poles, Af the polur 
irhere the spot enters, and m the point where itleavei* tn» nnn's disc. At the 
eod of November, and the beginning of Uecember, rne npot will appear to 
move downwards, across the Sun's disc, from left to right, describmg the 
straight lines Mm, Fig. 1; soon after this period, these lines begin graduallj 
to be inflected towards the north, till about the end of February, or the begin* 
ning of March, when they describe the curve lines represented in Fig. 2. Aftef 
the Deginning of March, the curvature decreases, till the latter end of May, or 
the beginning of June, when they again describe straight lines tending up* 
wards, as in Fig. 3. Bf and by these straight lines begin to be inflected dowk' 
warda^ till about the beginning of September, when tiiey talce the form of a 
curve, having Its convex side towards the south pole of the Sun, as in Fig. 4. 
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Fig. 4. 
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As thcTSc phenomena are repeated every year, io the 
same order, «nd belong to all the spots that have been per- 
ceived upon the Sun's disc, it is concluded, with good rea- 
son, that these spots adhere to the surface of the Sun, and 
revolve with it, upon an axis, inclined a little to the ptane 
of the ecliptic. The apparent revolution of a spot, from any 
particular point of the Sun's disc, to the same point again, 
IS accomplished in 27 days, 7 hours, 26 minutes, aiid 24 se- 
conds ; but during that time, the spot has, in fact, gone 
through one revolution^ together with an arc, equal to that 
described by the Sun. m his orbit, in the same time, which 
reduces the time of tne Sun's actual rotation on his axis, to 
25 days, 9 hours, and 36 minutes. 

The part of the sun's disc not occupied bv spots, is far 
from being uniformly bright. Its ground is nnely mottled 
with an appearance of minute, dark dots, or 'porea^ which, 



Ittuatrate these phenomena by diagrame. What eonohisions have been drawn fima 
dieie phenDmeoa 7 What is the amMueat time occupied by a spot in levolvinc from aor 
particular point of the Sun'i disc to the same point again? What is the aetnal time oo- 
sopisd by the rtvolutioQ of tiis spot, 



and of ooiuie bj the Sun 00 its axis I 



•ttentirely watched, are found to.be in a constant stata ot 
change. 

What the physical organization of the Sun may be, is c 
question which astronomy, in its present state, cannot sol ire. 
It seems, however, to be surrounded by an ocean of inex- 
haustible flame, with dark spots of enormous size, now and 
then floating upon its surface. From these phenomena, Sii 
W. Herschel supposed the Sun to be a solid, dark body, sur- 
rounded by a vast atmosphere, almost always filled with 
luminous clouds, occasionally opening and disclosing the 
dark mass within. The speculations of Laplace were dif- 
ferent. He imagined the solar orb to be a mass of fire, and 
the violent efiervescences and explosions seen on its surface, 
to be occasioned by the eruption of elastic fluids, formed 
in its interior, and the spots to be enormous caverns, like 
the craters of our volcanoes. Others have conjectured 
that these spots are the tops of solar mountains, which are 
sometimes left uncovered by the luminous fluid in which 
they are immersed. 

Among all the conflicting theories that have been ad- 
vanced, respecting the physical constitution of the Sun, there 
is none entirely free from objection. The prevailing one 

feems to be, that the lucid matter of the Sun is neither a 
iquid substance, nor an elastic fluid, but that it consists of 
luminous clouds, floating in the Sun's atmosphere, which 
extends to a great distance, and that these dark spots are the 
opaque body of the Sun, seen through the openings in his 
atmosphere. Herschel supposes that the density of the lu- 
minous clouds need not be greater than that of our Aurora 
Borealis, to produce the eflfects with which we are ac- 
quainted. 

The similarity of the Sun, to the other globes of the svs- 
tem, in its supposed solidity, atmosphere, surface diversined 
with mountains and vallies, and rotation upon its axis, has 
Jed to the conjecture that it -is inhabited, like the planets, by 
beings whose organs are adapted to their peculiar circum- 
stances. Such was the opinion of the late Dr. Herschel^ 
who observed it unremittingly, with the most powerful tele- 
scopes, for a period of fifteen years. Such, too, was the 
^opinion of Dr. Elliott, who attnbutes to it the most delight- 
ful scenery ; and, as the light of the Sun is eternal, so, he 

HtLve we been able to determine vhnt the phjvical oiifinisatjon of the Snn ia 7 Whtt 

WM the theory of Sir W. Herachel h regard to thla autueet 1 What waa that ofLapkoe 1 

What a the prevailiiM[ theory 7 What drcttioataiicea nave led to the ooqiectttre that the 

) 0un iit inhabited? ¥rhat waa the opinion of Dr. Haischelon thia point? How kmit ha« 

M ali«*r«»d it unremittinf Ir, and with the moat poweilul teleaeopaa 7 What waa tfaa 

iuTDt. Elliots upon tbasame pointl 
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'.niasrmed^ were its seasons. Hence he infers tnat tnis 
luminary ofiers one of the most blissful habitations for intel- 
ligent beings of K^hich we can conceive. 



MERCURY. 



Merchrt is the nearest planet to the Sun that has yet 
been discovered ; and with the exception of the asteroids, 
is the smallest. Its diameter is only 2984 miles. Its bulk 
therefore is about 18} times less than that of the Earth. It 
would require more than 20 millions of such globes to com- 
pose a body equal to the Sun. 

Here the student should reVer to the diaffrains, exhibiting the relative magnt* 
tudes sad distances of the Bun and planets, Plate L And whenever this sub* 
Ject recurs in the course of this woric, the student should recur to the figures 
of this plate, until he is able to form in his mind distinct conceptions of the 
relative ma^tudes and distances of all the planets. The Sun and planets 
being spheres, or nearly so, their relative bulks are ^estimated by comparing 
the cubes of their diameters : thus, the diameter of Mercury being 2984 iuile& 
and that of the earth 7924 ; their bulks are as the cube of 2984, to the cube of 
7924, or as I to 18ji, nearly. 

It revolves on its axis from west to east in 24 hours, 5 
minutes, and 28 leconds; which makes its day about 10 
minutes longer than ours. It performs its revolution about 
the Sun in a few minuter less than 88 days, and at a mean 
distance of nearly 37 millions of miles. The length of 
Mercury's year, therefore, is equal to about three of our 
months. 

The rotation of a planet on its axis, constitutes its day ; its revolution about 
Che Sun constitutes its year. 

Mercury is not only the most dense of all the planets, 
but receives from the Sun seven times as much light ana 
heat as the Earth. The truth of this estimate, of course, 
depends upon the supposition that the intensity of solar light 
and heat at the planets, varies inversely as the squares of 
their distances from the Sun. 

This law of analogy, did it exist with rigorous identity at 
ail the planets, would be no argument against their being 
inhabited ; because we are bound to presume that the All- 

Wliat is the distance of Mf>reary from tho Sun 7 What is its magnitude compared witii 
thft of the other piaaetil What is its diameter? How many such bodies vruuld it n* 
quire to compose a bodf equal to the Sun 7 How are the relative bulks cfthe planete e$» 
iimated? In what direction does it nvoWe on its axis, and what time does it occaiiy in 
the revaiuttoo 1 In how iontr time does it perform its revolution about the Sun 7 What is its 
mean di^jtancu from tlie Sun 7 What, then, is the iefl<th of its year, compared with oural 
Wtiit mecuturea a v^aneCtday? What meaauree Ua year? What is the density of 
M Tcury, compiired with tlut uf the oth<>r planets 1 How much light and heat doeii tl m- 
eeive, comnarLHl with the Eurth 7 On what supposition does the truth of tliid estiinats 
■ depend 7 li thU were really tiw fiict in legard to tlie planets, would it be any arfuiiMOt 
dtittiast Ibtu being inhai^ited i 
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wise Creator has attempered every iwellin^ place m fits 
empire to the physical constitution ol the beings which be 
has placed in it. 

From a yariety of facts which have been observed ;r. relation to the procXac- 
tioD \A calorir. it does not appear probable, that the degree of beat on the mi- 
face of the diffei?nt plancis depends on their respective distances from the 
Sun. It is more pru-.iabie, thai it depends chiefly on the distribution of the 
mbstance of calorie on the surfaces, and throughout the atmospheres of these 
bodies, in different Quantities, according to the different situations which they 
occupy in trie «ui«ir by»iein ; and that these different quantities of caloric are 
put into actiou oy ii>f$ luliuence of the solar rays, so as to produce that degree 
mf aenaihle heat requisite to the wants, and to the greatest benefit of each 



of the planets. On this hypothesis, which is corroborated by a great variety 

experiments, there may be no more sensible heat expf 
on the planet Mercury, than on the surface of Herschel, which is fifty times 



of facts and experiments, there may be no more sensible heat experienced 
on the planet Mercury, than on 
fiirther removed from the 8un. 

Owing to the dazzling brightness of Mercury, the swift- 
ness of Its motion, and its nearness to the Sun, astronomers 
have made but comparatively few discoveries respecting 
It. When viewed through a telescope of considerable 
magnifying power, it exhibits at different periods, all the 
various phases of *the Moon ; except that it never appears 

Suite full, because its enlightened hemisphere is never turned 
irectly towards the Earth, only when it is behind the Sun, 
or Si'k near to it, as to be hidden by the splendour of its 
beami>. Its enlightened hemisphere beiqf thus always turn- 
ed towards the Sun, and the opposite one oeing always dark, 
prove thai it is an opaque body, similar to the Earth, shining 
only in the light which it receives from the Sun. 

The rotation of Mercury on its axis, was determined from 
• he daily position of its horns, by M. Schroeter, who not 
only^ discovered spots upon its surface, but several mountains 
in Its southern hemisphere, one of which was 10|- miles 
high : — nearly three times as high as Chimborazo, in South 
America. 

It is ivorthv of observation, that the highest mountains which have been diS' 
covered in Mercury, Venus, the Moon, and perhc^we may add the Earth, are 
all situated in their southern hemispheres. 

During a few days in March and April, August and Sep- 
tember, Mercury may be seen for several minutes, in t.He 
morning or evening twilight, when its greatest elongations 
happen in those months ; in all other parts of its orbit, it is 
too near the Sun to be seen by the naked eye. The greatest 

On what does the degree t^f heat at the different vlttnets probtMy depend 7 "Wbif 
have aatronomera been able to make but comDaratively few discoveries lespediQff Mef 
~'ir 7 What is its aiipearance when viewed tliioHgh a telescope of conflid«rabie titcn& 
power? What eircumstancefl prove that it is an opaque btidy, shining only with tm 
It of the sun ? How was the rotation of Mercury on its axis deteraiioed, and by whom I 
That did ho discover on its surface ? Wliat was the altitude of the highest mountaint 
tniich tie saw ? In which hemisphere are the h'ghent mduntattu wnieh have been 
mteovered in Mercury, Venwf, and the Moon, ^ititated 7 Does the same fact exist in 
"^Tcf to the Earth? During wliat montlis laay Mercury be xetn for u few days, aw 
' parts of the day ) Whr it it visible at these times, and oo( at othcis? 
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distance that it ever departs from the San, on either side^ 
varies from 16° 12',* to 28° 48', alternately. 

The distanceof a planet from the Sun, as aeen from the Earth, (measured iti 
degrees,) is called its elongation. The greatest absolute distance of a planet 
fircm the Sun is denominated its apheiion^ and the least its perihelion. On ih« 
diagram, exhibiting the Relative Position of the Planets' Orbits, (Plate I.j these 

Kints are represented by little dots in the orbits at the extremities of the right 
es which meet them ; the Perihelion points being above the Ecliptic, the 
Aphelion points below iu 

The revolution of Mercury ahout the Sun, like that of all 
the planetSj is performed from west to east, in an orbit which 
is nearly circular. Its apparent motion as seen from the 
earth, is, alternately, from west to east, and from east to west, 
nearly in straight lines ; sometimes, directly across the face 
of the Sun, but at all other times, either a little above, or a 
little below it. 

Being commonly immersed in the Sun's rays in the 
evening, and thus continuing invisible till it emerges from 
them in the morning, it appeared to the ancients like two 
distinct stars. A long series of observations was requisite, 
before they recognised the identity of the star which wa^ 
seen to recede from tbe Sun in the morning with that which 
approached it in the evening. But as the one was never 
seen until the other disappeared, both were at last found to 
be the same planet, which thus oscillated on each side of 
Che Sun. 

Mercury's oscillation from west to east, or from east to 
west, is really accomplished in just half the time of its revo- 
lution, which is about 44 days ; but as the Earth, in the mean- 
time, follows the Sun in the same direction, the apparent 
elongations will be prolonged to between 55 and 65 davs. 

The passaj^e of Mercury over the Sun's disc, is aeno- 
minated a Transit, This would happen in every revo- 
lution, if the orbit lay in the same plane with the orbit of 
the Earth. But it does not ; it cuts the Earth's orbit in two 
opposite points, as the ecliptic does the equator, but at an 
angle three times less. 

See riiagram, Relative Position of the Planets' Orbits, and their Inclinatioa 
to the Plane of the Ecliptic. [Plate I.] The dark lines denote sections in the 
planes of the planets' orbits. The doited lines continued from the daric linee 
dehote the inclination of the orbits to the plane of the Ecliptic, which inclinsp 
tinn is marked in figures on them. Let the student fancy as many circular 
pieces of paper, intersecting each other at the several angles of inclinaticHi 



What are the greatest distanees which it departs from the 8an, on either side 7 Iftel 
it the Elongation of a planet 7 What is its Aphelion ? What ie its Perihelion ? la 
what direction does Mercury revolve about the Sun 1 "What is the figure of its orbit 7 De- 
scribe its apparent motion, as seen from tbe Earth. How did it appear to the ancients ) 
What was tne cause of tns appearance 1 How were these appanntly two distinct stars 
at last found to be but one 1 what is the aetual period of each elongatioa of Mercury I 
What the apparent period 1 What is the cause of this diflTerenoe 7 What does the expna- 
I, transit of Mercury, signify 7 Why docs it ooC make a tiaqsit at everv revolutioa? 
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imirknd oa this diagram, and he will be enabled to nnderataad more 
what i8 meant by the inclination of the pianeis' orbits. 

It will be perceived on the (ii.i|;raiu, that the inclination of Mercury's orbii 
to the plane of the ecliptic is 7° 9". 

These points of intersection are called the Nodes of the 
orbit. Mercury's ascending node is in the 16th degree of 
Taurus ; its descending node in the 16tb degree of Scorpia 
As the Earth passes these nodes in November and May. 
the transits of Mercury must happen, for many ages to come 
in one of these months. 

The foiiowinK is a list of all the Transits of Mercury from the time the firsi 
was observed by Gassendi, November 6, 1631, to the end of tbe present een- 
lury. 

- - 1835. Nov. 7. 

1845 May a 

1848 Nov. 9. 

1861 

1868 

1878 May 6l 

1881 Nov. 7. 

1891 May 9. 

1894 Nov. la 

Bv comparing the mean motion of any of the planets with the mean motion 
of the IBarth, we may, in lilte manner, determine tbe periods in which these 
bodies will return to the same points of their orbit, and the same posiiions 
with respect to the Sun. Ttie knowledge of these periods will enaole as to 
determine the hour when the planets rise, set, and pass the meridian, and in 
general, all the phenomena dependent upon the relative position of the Earth, 
the planet, and the Sun ; for at the eoii of one of these periods they commence 
a^ain, and all recur in the same order. We have only to find a number of 
sidereal years, in which the planet completes exactly, or very nearly, a certain 
number of revolutions ; that is, to find such a number of planetary revolutioiLS, 
as. when taken together, shall be exactly equal to one, or anv number of re> 
volutions of the E^rth. In the case of Mercury, this ratio will be, as 87.969 is 
lo 365.256. Whence we find, that, 
7 periodical revolutions of the Earth, are equal to 29 of Mercury : 
13 periodical revolutions of the Earth, are equal to 54 of Mercury: 
33 periodical revolutions of the Earth, are equal to 137 of Mercury : 
46 i)eriodical revolutions of the Ekirth, are equal to 191 of Mercury. 
Therefore, transits of Mercury, at tbe same node, may happen at intervala of 
7, 13, 33, 46, &c. years. Transits of Venus, as well as eclii)sea of the Sun and 
Mooc, are calculated upon the same principle. 

The sidereal revolution of a planet respects its absolute motion ; and fa 
measured by the time the planet takes to revolve from any fixed star to the 
Mroe star again. 

The aynodical revolution of a planet respects its relative motion ; and is 
measured by the time that a planet occupies in coming back to the same pooi- 
^en with respect to the Elarth and the Sun. 

The sidereal revolution of Mercury, is 87d. 23h. I5m. 448. Its synodical re- 
volution is found l)y dividing the whole circumference of 360^ by its relative 
motion in respitct to the Earth. Thus, the mean daily motion of Mercury is 

Wbat are the points where tlie oiints of tbe planeti intenect the oibit of the Earth eall- 
ed? Where it Mercuiy's ascending node? where ut its deseendinc node? In what 
months must the transit of Mercury occur for many ages to come ? W by roust they oecor 
ID these months ? Hoio can we determine the periods in which theplanctk vfill return 
C0 the $ame pointa of their orbits, and the same positions in respect to the Sun 7 Wh^ 
is it useful to know these periods J State the method qf making the eomputtUien, 
What wiU the ratio be in the case of Mercury ? State the ratic hetwedn the perJoii- 
tal TMoHttions qfthe Earth and Mercury. At wfiat intervals dhen may transut pf 
" ' at the same node happen 7 Upon what principle are transits of Ve».us 

tn (^the Sun and Moon, calcitiatsd ? what is Out sidereal revolution i{f « 
What is the synodteeU revolution 7 What is the time of the sidereal rmo^ 
trpl State the method of computing the time qfthe synodicA rBV» 
' t {%« synotftoU fevoJtttion of ifereiirv. 
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IWH" .666 ; that of the Earth !s 364^' .318 ; and their (fifference is 11284' .237, 
bring Mercury's relative motion, or what It gaiiiffon the Earth every day. Now 
by Ritnple proportion, lll84'^237 is to 1 day, as aeO^ Is to llSd. 21h. 3', W" the 
period of a synodical revolution of Mercury. 

The absolute motion of Mertury in its orbiV is 109,7£.'7 
miles an hour| that of the Earth/ is 68,28» miles : the 
diirerence|f41,469 miles, is the mean relative motion of 
Mercury, with respect to the Earth. 



VENUS. 

There are but few persons who ha7e not observed a beau- 
tiful star in the west, a little after sunset, called the evening 
9tar, *This star is Venus. It is the second planet from the 
Sun. It is the bri|fhtest star in the firmament, and on this 
account easily distmguished from the other planets. 

If we observe this planet for several days, we shall find 
that it does not remain constantly at the same distance from 
the Sun, but that it appears to approach, or recede from him, 
at the rate of about three fifths of a degree every day ; and 
that it is sometimes on the ea^t^ttTe of him, and sometimes 
on the west, thus continuaU/oscillating backwards and for- 
wards between certain limits. 

As Venus never departs quite 48® from the Sun^ it i< 
never seen at midnight, nor in opposition to that lummary 
•being visible only about three hours after sunset, aud as long 
before sunrise, according as its right ascension is greatei 
or less than that of the Sun. At first, we behold it only a 
few minutes after sunset; the next evening we hardly ais- 
cover any sensible change in its position ; but after a few 
days, we perceive that it has fallen considerably behind the 
Sun, and that it continues to depart farther and farther from 
him, setting later and later every evening, until the distance 
between it and the Sun, is equal to a little more than half 
the space from the horizon to the zenith, or about 46®. 

It now begins to return towards the Sun, making the same 
daily progress that it did in separating from him, and to set 
earlier and earlier every succeeding evening, until it final- 
ly sets with the Sun, and is lost in the splendour of his 
light. 

A few days after the phenomena we have now described, 

# ■■■ ■" ..l-M. ■■ ■ ■ . — ■»■■ I ■! ■ ■ ■ ■■»■ ■■ ■■ I—- -■■■■,■.. ■ 

What is the rate per hour of the absolute motion of Mercury in its ortrit 7 Of the Earth f 
What is thelnean relative motion of Mercury with respect to the Earth 7 What beautUul 
sUr lometiraefl appears in the west a little after sunset} What is the comparaUve dis 
taiice of Venus from the Sun 7 What is its comparative briffatness 7 In wliat direction it 
Its appatent motion 7 Whytiitneveriieen atmidniffat,normoypQaiUpn to theSun? At 
what times is it visible 7 How loiv after suniet is A whea we fint behold it m the wMi 
DtMdbe it> cfaufM of pofitioD. 
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we percei7t5, m the morning, near the eastern hoiizon, a 
bright star which was not visible before. This also is 
/«nus, which is now cafled the morning star. It departs 
farther and farther from the nun, rising a little earlier every 
day, until it is seen about 46® west of him, where it appears 
stationary for a few days ; then it resumes its course towards 
the Sun. appearing later and later every morning, until ii 
rises with the Sun, and we cease to behold it. In a few days, 
the evening star again appears in the west, very near the 
setting-sun, and the same phenomena are again exhibited. 
S^h are the visible appearances of Venus. 

revolves about the Sun from west to east in 224} 
daylk at the distance of abont 68 millions of mile$, moving 
in heVorbit at the rate of 80 thousand miles an hour. She 
turns around on her axis once in 23 hours, 21 minutes, and 
7 seconds. Thus her day is about 25 minutes shorter than 
ours, while her year is equal to 7j- of our months, or 32 
weeks. 

The mean distance of the Earth from the Sun is estimated 
at 95 millions of miles, and that of Venus being 68 millions, 
the diameter of the Sun, as seen from Venus, will be to his 
diameter as seen from the Earth, as 95 to 68, and the surface 
of his disc as the square of 95 to the square of 68, that is, as 
9025 to 4626, or as 2 to 1 nearly. The intensity of light 
and heat being inversely as the squares of their distances 
from the Sun, Venus receives twice as much light and heat 
as the Earth. 

Her orbit is within the orbit of the Earth ; for if it were 
not, she would be seen as often in opposition to the Sun, as 
in conjunction with him ; but she was never seen rising in 
the east while the Sun was setting in the west. Nor was 
she ever seen in quadrature, or on the meridian, when the 
Sun was either rising or setting. Mercury being abuut 23^^ 
from the Sun, and Venus 46®, the orbit of Venus must be 
outside of the orbit of Mercury. 

The true diameter of Venus is 7621 miles; but her ap" 
parent diameter and brightness are constantly varying, ac- 
cording to her distance from the Earth. When Venus and 
the Earth are on the same side of the Sun, her distance 

to what direction, and in what time, does Venui revolw about the Sun 7 What it her 
dittanoe from tiie Sun 1 What it the rate per hour of her motion in her orbit 1 In what 
time does she revolve on her axis 7 How aro the lengths of her day and year, oompaied 
wab tln|eof the Earth 7 How much laraer does the Sun appearat Venus thui he does at 
.^^ **'^^i J Uow mach moro lii^and heat does she receive from him, than the £«rth t 
' ~ ' r is Venus fimn the ^un than Mercury 7 On which side of the oniitof 
FfllWlbe7 Wlttt i» her true diameter "> In what proportion do her «p- 
id hri g ht n ess eonstantly vary 7 What is her dislanoe fiom the £«th 
laitfiesaine side of the Son] 
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from the Earth is only 26 millions of miles ; when they are 
on opposite sides of the Sun, her distance is 164 millions 
of miles. Were the whole ot her enlightened hemisphere 
turned towards us, when she is c^rest, she would exhibit 
a light and brilliancy twenty-five times greater than she 
generally does, and appear like a small brilliant moon ; but, 
at that time, her dark hemisphere is turned towards the 
Earth. 

When Vena» approaches nearest to the Earth, her apparent, or observed 
diameter, is 6^^2; when most remote, it is only 9'^6 : now 6i'^2-f-9''.6 — 6|, 
Hence when nearest the Earth her apparent diaui^teris 6| times grea* x than 
*vhen most distant, and surface of her disc (6|)*, or nearly 41 times ^' eaielV. 
n this worlc, the apparent size of the heavenly bodies is estimated Aum the 
apparent surface or their discs, which is always proportional to the sqi.rires of 
^leir apparent diameters. 

When Venus' right ascension is less than that of the Sun, 
she rises before him; when greater, she appears after his 
setting. She continues alternately morning and evening 
star, for a period of 292 days, each time. 

To those who are but little acquainted with astronomy, 
it will seem strange, at first, that Venus should apparently 
continue longer on the east or west side of the Sun, than 
the whole time of her periodical revolution around him. But 
it will be easily understood, when it is considered, that while 
Venus moves around the Sun, at the rate of about 1^ 36' of 
angular motion per day, the Earth follows at the rate of 59^; 
so that Venus actually gains on the Earth, only 37' in a 
day. 

Now it is evident that both planets will appear to keep on 
the same side of the Sun, until Venus has gained half her 
orbit, or 180^ in advance of the Earth; and this, at a mean 
rate, will require 292 days, since 292X37'= 10804', or 180^ 
nearly. 

Mercury and Venus are called Inferior* planets, because 
their orbits are within the Earth's orbit, or between it and 
the Sun. The other planets are denominated SuperioTy 
because their orbits are without or beyond the orbit of the 

* In aliDCHt ail worin on AstronomF, Mereury and Venus are denominated inferior 
plan«*ts, and the otbera, superior. But as these torms are employed, not to express the 
relaHve alzeot' the planets, but to indicate their tittuUion with respect to the Esrtbi it 
would be lietter to adopt tlie temu interior and exterior. 



whnt in it when I hey are on opposite sides of the Sun 7 Which hemisphere is turned 
towards the Earth when she is nearest to usi Were her entightened hemisphere turned 
towards us at that time, how would her li«ht and brilliancy be compared with that which 
liho generally exhibits, and what would be her appearance 7 What it the length of her 
ap,*arent diameter when the is nearest to the ^arth 7 iVfuU it it when she is moet 
remote 7 Hoto is the apparent size of a heavenly body eetimnted in this work 7 In 
whnt cifAumstances does Venus rise before, and in what set nfler, the Sun 1 How lung 
iiiK» slxi continue, each time, alternately morning and evenin([ star ? l^hy does sh? ap- 
iN>ar innser on the east or west side of ttio Sun than the whole time of her periodical rcvo- 
luUun around him? Why are Mercury and Venus called Inferior iilanetsi Why are tiM 
other planets tenned Superior planets ) 
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Earth. {^Plate /.] As the orbits of Mercury and Vi;uua 
lie within the Earth's orbit, it is plain, that once in eveif 
synodical revolution, each of these planets will be in con- 
junction on the same side of the Sun. In the former case, the 
planet is said to be in its inferior conjunction, and in the 
latter case, in its superior conjunction ; as in the following 
figure. 

CONJUNCTION AND OPPOSITION OF THE PLANETS. 

Fig. 6. 




Man 

The period of Venus' synodical revolntion is found in the same manner as 
(hat of Mercury ; namely, by dividing the whole circumference of ber orbit 
oy her mean relative motion in a day. Thus, Venus' abtoiute mean daily 
motion is P 36' 7".8, the Earth's is 59' 8",3, and their difference 36'M".6. 
Divide 360° by 36^ 59".6, and it «ive8 583.920, or nearly 584 daya, for 
Venus' synodical revolution, or the period in which she is twice in conjnno- 
tion with the Earth. 

Venus passes from her inferior to her superior conjunction 
in about 292 days. At her inferior conjunction, she is 26 
millions of miles from the Earth j at her superior conjanc- 
tion, 164 millions of miles. 

Row often, in every synodical revolution, will each of these plareti be in ooiuimetlott 
on the same itde of the Sun that the Earth is 7 How often on the ajpfiotite side ? Ex- 
iriain this. What names distinfuish these two species of conjunetimi ? Hmo U the is^. 
~ ' ''^^tU retohqion of Venut found 7 Make the caleutation. •How long is she in jnos* 
Ipy in^rior to her superior eoqjaoction) How far is she fiom the Earth at \fif 
]1 Howfarathersopenorl 




It might be expected that her brilliancy would be propor 
*iODal]y increased, in the one case, and diminished, in the 
other ; and so it would be, were it not that her enlightened 
hemisphere is turned more and more from us, as she ap 
proaches the Earth, and comes more and more into view as 
she recedes from it. It is to this ciltte alone that we must 
attribute the uniformity of her splendour as it usually ap- 
pears to the naked eye. 

Mercury and Venus present to us, successively, the 
various snapes and appearances of the Moon ; waxiiig and 
waning through different phases, from the beautiful crescent 
to the full rounded orb. This fact shows, that they revolve 
around the Sun, and between the Sun and the Earth. Let 
(he pupil endeavour to explain these phases on any other 
supposition, and he will be convinced that the system ot 
Ptolemy is erroneous, while that of Copernicus is confirmed. 

It should be remarked, however, that VenuR is never «een when she is entire* 
\j fuU, except once or twice in a century, when she passes directly over the 
Sun's disc. At evcrv other conjunction, slie is either behind tlie bun, or so 
near liim as to be hiiklon by titc 8i)lcndnur of liis light.* The diaiirrain on the 
next page will better illustrate the various appearances of VenuS| as site 
aioves around the Sun, tlum any description of iliem could do. 

From her inferior to her superior conjunction, Venus ap- 
pears on the west side of the Sun. and is then our morning 
star; from her superior to her .inferior conjunction she ap- 
pears on the east side of the Sun, and is then our evening 
star. 

* The eminent astronomer, Thomas Dick. LL. D., well known in this countrjr as the 
author oftlie Christian Philosopher, Pltilowiphy ufa Pntuit HuiXe, dtc., in a review of this 
remark, observes—" This oujrltt not to lie laid down as a pemsrul tnith. About the year 
1813, I made a great variety ofobservations on Venus in th<^ day time, by an equatorial 
instrument, and fuund, that she could be seen when only; l« 'J7' from the Sun's margin, 
ajid consequently may be seen at the moment of her superior conjnnRiion. when her geo* 
centric latitude, at Uiat time. egutU» or exceeds !<> 43'. 1 have wmw liijnt expectations ol 
lieing able Ui see Venus, in the course of two or three days, at her superior conjunctioa, 
if tiie weather be favourable."— MareA 8, 1834. 

Why is not her brilliancy proportionably increased in the former case, and diminished 
in the latter 7 ' What appcamnccs do Mercury and Venus present to us at different times ? 
>V hat supposition is necessary for the explanation of these phases ) What system do 
they tend to refute I What system do tbey confirm ? Hoto (nfien ia Vmue aeen when 
f/u ia entirely fuU ? Why ia »he not aeen at thefuU qftmer ? In what part of her or* 
fait does Venus appear on the west si Ic oftlie Sun ? In what on the east I In what uuto 
IS the, alteroatciyi morning and eveuinK star} 
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Like Mercury, she sometimes seems to be statioiiaiy. 
Her apparent motion, like his, is sometimes rapid ; at one 
time, ciftrcc/, and at another, retrograde', vibrating alternate- 
ly backwards and forwards, from west to east, and from east 
to west. T hese vibrations appear to extend trom 45° to 47°, 
on each side of the Sun. 



Consequently she never appears in the eastern horizon, more than three 
hours before sunrise, nor conrinues longer in the western horizon, after sun- 
aet. Any star or planet, therefore, however brilliant it may appear, whiih ia 
seen earlier or later than this, cannot be Venus. 

In passing from her western to her eastern elongation, her 
motion is from west to east, in the order of the signs ; it is 
thence called direct mption; In passing fron^er eastern 
to her western elongation, her motion with respect to the 
Earth, is from east to west, contrary to the order of the 
signs ; it is ihence denominated retrograde motion. Her 
motion appears quickest about the time of her conjunctions 
and she seems stationary, at her elongations. She is oright* 
es^ about 36 days before and after her inferior conjunction, 
when her light is so great as to project a vidtbJe shadow in 
the night, and sometimes she is visible even at noon^day. 

In the following figure, the outer circle represents the Earth's orbit, and th« 
Inner circle, that of Venus, while sWe moves around the Sun, in the order of the 
letters a, h, c, (f, &c. When Venus is at a, she^ is in her inferior conjunction, 
between the Earth and Sun ; and is in a situation similar to that of tlie Moon 
at her change, being then invisible, because her darlc rremisphere is towards 
the Earth. At e, she appears half enlightened to the Earth, liko^he Moon fai 
her first quarter ; at df she appears sUmost full, her enlightened side being 
then almost directly towards the Earth ; at e, she is in her superior conjunc- 
tion, and would appear auite full, were she not directly behind the Sun, or 
so near hira as to be hidden by tlie splendour of his light ; at /, she appears 
to be on the decrease ; and at g, only half enlightened, like the Moon in her 
last quarter : at a, she disappears again between the Elarth and the Sun. In 
moving from g to c, she seems to eo backwards in the heavens, because she 
moves contrary to the order of tlie signs. In taming the arc of the circle 
from retro;:;rade to direct motion, or from direct to retrograde, she appears 
nearly stationary for a few days ; because, in the former case, she is going 
almost directly /rom the Earth, and in the latter, coming towards it. As she 
describes a much larger portion of her orbit in going from e to g^ than from g 
to c, she appears much longer direct than retrograde. At a mean rate, her re- 
Irogradations are accomplished in 42 days. 

Describe her apparent motion. How (kr on each side of tlw Sun do the vibratioDS uf 
Venus extendi What then is the longest time btfore sunrise that she appears in the 
eastern horizon ? What the longed time a^xr sunset that she appears in the west' 
•m 7 Wliat is the direction r^ber motion while she passes fWxn her western to her east- 
em elongation ? VHiT is it called direct motion? What is its direction as itlie passes 
fiNxn h« eastern to h« western eloncationl Why is it called retroKmde ) When is her 
amwrent motion quickest 7 When does she appcv statiooaiy 1 When is she brightfst f 
Ilow Rreat is heruKfat at this time 9 
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tnRCCT AND RETROGRADE MOTIOH. 
Fig. 7. 




If the orbit of Venus lay exactly in* the plane of the 
Earth's fprbit, she would pass centrally across the Sun's 
disc, like a dark round spot, at every inferior conjubction ; 
but as one half of her orbit lies about 3}-^ above the ecliptic, 
and the other half as far below it, she will always pass the 
Sun a very little above or below it, except when her in- 
ferior conjunction happens in, or near, one of her nodes ; 
in which case she will make a transit. [Relative position, 
of the PlaneVa Orbits, Plate I-— Plane of Ventis — inclinor 
tion 3° 23'.] 

This phenomenon, therefore, is of very rare occurrence: 
it can happen only twice in a century ; because it is only 
twice in that time that any number of complete revoiutiona 
of Venus, are just or nearly equal to a certain number of 
the Earth's revolutions. 

The principle which was illustraled in predicting the transits of Mereuxy 
applies eqaafly well to thoee of Venus ; tnat is, we must find such sets » 
numbers, (representing complete revolutions of the Earth and Venns,) at 
yhall be to each other in the ratio of tlieir periodical times, or as ^6.256 is te 
SZM.7. Tiius ; the motion of Venus, in the Julian vears, is 210659l".82 
that of the Earth for the same period being 129e27'\45, the ratio will b< 

Witjr does not Venos pain eentrally acrans the SanV disc at every inferior oonjunctioii 
j^y but drcurnKtanoefl will the niiil«> a tratiflt' armt» the nun ? Mow oOen nan this plie 
-^ iMmien 1 Why can it not {lappcii oH^iner 7 8tute the method ofpreJictinf U* 
"^ venos _ 
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t } 9 1 S ? ^^•f'f • ^ ^® <^^ terms of this fraction cannot be i tfcmce%l by a 
oommon divisor, we most multiplv them by such numbers aa will make one 
a multiple of the other ; accordingly, 13 times the denoujinator will be nearly 
equal to 8 times the numerator ; and 475 times the denominator will equal 291 
times the numerator. 

Bv combininf these two periods and their multiples by addition and sub* 
traction, we shall obtain the period of all the tramits that have ever tiappened 
Thus; 291— 8y7-235, another period; and »i— 6X8— 243; another period, 
and Btf 3n. Whence we find ttiat, 

Speriodical revolutions of the Earth, are equal to 13 sf Venus. 

2& periodical revolutions of the Earth, are equal to 382 of Venua 

243 periodical revolutions of the Earth, are equal to 396 of Venus. 

251 periodical revolutions of tlie Earth, are equal to 408 of Venus. 

291 periodical revolutions of the Earth, are equal to 475 of Venus. 

Hence a transit of Venus may happen at the same node, after an interval 
of 8 years ; but if it do not happen then, it cannot take place again, M the 
same node, in less than 236 years. The orbit of Venus crosses the ecliptic 
near the middle of Gemini and Sagittarius; and these points mark the po* 
sition of her nodes. At present, her ascending node is m the 14th degree of 
Qemini, and her descending node, in the same degree of Sagittarius. 

The Earth passes her ascending node in the beginning of 
December, and her descending node, in the beginning of 
June. Hence, the transits of Venus, for ages to come, will 
happen in December and June. The first transit evei 
<nown to have been seen by any human being, took place 
at the ascending node, December 4th, 1639.* If to this 
date, we add 235 years, we shall have the time of the next 
■ransit at the same Bode, which will accordingly happen ia 
1874. There ii^ill be another at the same node in 18S2, 

* Tins phenomenon was fint witneMed by Honox, a younc gentleman aboat 21 yean 
/affe, tiding in an obscuie village 15 niiles north of Liverpool. The tables of Kepler, con- 
•tractedupoa the observations of Tycfao Brahci mdicated a transit of Venus in 1931, but 
anne was observed. Hon-ox, without much assistance ftom books and instruments, set 
himself to inquire into the error of the tables, and found that such a phenomenon mt|:ht 
oe expected to happen in 1639. He repeated his calculations during this interval, with 
all the carefulness and enthusiasm of a aciiolar ambitious of being the first to predict and 
Sbeerve a celestial phoiomenon, whidi, from the creation of the world, liad never been 
witnessed. Confident of the resnlt, lie communicated his expected triumph to a confi- 
dential friend residing in Manchester, and desired him to watch for the event, and to take 
observ.itioos. So anxious was Horrox not to &il of witnessing it himself, that he com- 
menccd his observations the day before it was expected, and Resumed them at the rising 
ofths Sun on tlic morrow. But the verif hour when his cabwlations led him to expect 
the visible appearance of Venus upon the Sun's dtsn, wan al^p the anointed hour for 
Iht public worship QfOoo on the Sabbath. The delay of a few titimutes might deprive 
bim forever of an opportunity of observing the transit If its very commencement were 
sot noticed, clouds might intervene, and conceal it until the Sun should set : and nearly a 
lectury and a half would elapse before*another opportunity would occur. Ho had been 
vaiting for the e\'ent with the most ardent anticipation for eight years, and the result pro- 
mised much benefit to the science Nuttoithatanding all this, Horrox twice guapend' 
ed hie obeervatiorUj and twice repaired to the Hoiue of Qod, the Great Author oi^ the 
bright woHds he delurhtcd to contemplate. When bis duty was thus performed, and he 
had returned to his nharober the second time, his love of science was gratified with full 
suooess : and ho saw what no mortal eye had^bserved before ! 

If any thing can odd interest to this incident, it is the modesty with which the young 
astronomer annk^jaea to the world, for etupending his observations at all. 

"1 observed it," says he, " from sunrise till nine o'clock, aniin a little before tern and 
lastly at noon, and firom one to two o'clock ; the rest of the day being devoted to higher 
duties, which m^cht not be neglected for these pastimes. " .^__ 

After how long an imerval may a trantit of Venus happen again at the same node f 
If it do not happen then, how long a period mu»t elapse before it will occimt again 
at the same node? Where doa the orbit of Venus cross the eclivtie, and where ore 
her nodes? In what months, for ages to come, will the trunaits of Venus haupen, and 
why 7 At which node, and when, did the first trensit of V&nus e\-er knnwn to have bee* 
Bhwmed, take place ? When will the next two tran&its occur } 



^ht years afterwards. It is not more certain that this phe- 
uomenon will recar, than that the event itself will engross 
the attention of all the astronomers then living upon the 
Earth. It will he anticipated, and provided for, and observ- 
ed, in every inhabited quarter of the globe, with an inten- 
sity of solicitude which no natural phenomena, since the 
creation, has ever excited. 

The reason why a transit of Venus should excite so great 
an interest, is, because it may be expected to solve an im- 
portant problem in astronomy, which has never yet been 
satisfactorily done : — a problem whose solution will make 
kiiowQ. to us the magnitudes and masses of all the planets^ 
the true dimensions of their orbits, their rates of motion 
around the Sun, and their respective distances from the Sun, 
and from each other. It may be expected, in short, to furnish 
a universal standard of astronomical measure. Another 
consideration will render the observation of this transit pe- 
culiarly favourable ; and that is, astronomers will be supplied 
with better instruments, and more accurate means of obser- 
vation, than on any former occasion. 

So import^t, says 8ir John Herschel, have these observations appeared to 
astronomers, that at the last transit of Venus^ in 1769^ expeditions were fitted 
out, on the most efficient scale, by the British, Fr^ch, Russian, and other 
governments, to the remotest corners of the globe, for the express purpose 
of making them. The celebrated expedition of Captain Cook to Otaheite, 
was one of them. The general result of all the observations made on this 
most memorable occasion, gives 8".5776 for the Sun's horizontal parallax. 

The -phenomena of the seasons, of each of the planets, 
like those of the Earth, depend upon the inclination of the 
axis of the planet, to the plane of its orbit. The inclination 
of the axis of Venus to the plane of her orbit, though not 
precisely known, is commonly estimated at 75^ ; which is 
more than three times as great as the inclination of the 
Earth's axis to the plane of the ecliptic. The north pole of 
Venus' axis inclines towards the 20th degree of Aquarius ; 
the Earth's towards the beginning of Cancer; consequently, 
the northern parts of Venus have summer in the signs wher« 
those of the Earth have winter, and vice versa. 

The declination of the Sun on each side of her equator, 
must be equal to the inclination of her axis ; and if this ex 
tends to 75°, her tropics aret)nly 15^ from her poles, and 
her polar circles 15^^ irom hei equator. It follows, also, that 



Wh7 will the next tiansit excite a veiy great and universal interest? Upon what do da 
phsaomena of the ■esaons of each of the planets depend I What is the estimated indina* 
i of the axis of Venus to the pl^ne of her orbit 7 How does this inclination eoonpsie 
lilptof Um Earth's axis to the plane of the ecliptic? What seasons have the noitk 
nus, when those of the E^th have vrinter 7 . How do wp know this 7 To 
> daoIinatiQn of tt» Sun on each sideof her equator be equal ) How fiur in 
R Mr pwVf and her polar circles from her equator 7 
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the Sua must change his declination more in one day at 
Venus, than in five days on the Earth ; and consequeuily, 
that he never shmes vertically on the same places for -two 
days in succession. This may perhaps he providentially 
ordered, to prevent the too great eflect of the Sun's heat, 
which, on the supposition that it is in inverse proportion to 
the square of the distance, is twice as great on this planet 
as it is on the Earth. 

At each pole, the Sun continues half a year* without set- 
ting in summer, and as long without rising in winter; con- 
sequently, the polar inhabitants of Venus, like those of the 
earth, have only one day and one night in the year ; with 
this difference, that the polar da/s and nights of Venus are 
not quite two thirds as long as ours. 

Between her polar circles, which are but 15** from her 
equator, there are two winters, two summers, two springs, 
and two autumns, every year. But because the Sun stays 
for some time near the tropics, and passes so quickly over 
the equator, the winters in that zone will be almost twice as 
long as the summers. 

TELESCOPIC APPEARANCES OP TENDS. 

Fig.a 




When viewed through a good telescope, Venus exhibits 
not only all the moon- like phases of Mercury, but also a va* 
riety of inequalities on her surface ; dark spots, and brilliant 
shades, hills, and vallevs, and elevated mountains. But 
on account of the great aensity of her atmosphere, these in* 

*Tha iMthaifqfVenw'year»Qt\$ynAM, 



Vow much more muat the Sun change hi* declination m one day at Vonis than on te 
Esith7 Whv, perhaps, is this so ordered 7 How many day^ and nights have her polaf 
inhabitants Junnx the year 7 How long are these days and nights, compared with ihoM 
of oar polar inhabitants 1 How many, and what fieasoos, has Venus, between her poO. 
dfcles } What is the length of Uip wnte^ in this zone, compared with that of the sum- 
roeiB } What appearances, beaideilitt nuwn-Lke phases, doea Venus exhibit when seea 
tfaRNigfa ai^telesoopol 
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equalities are perceived with more difficulty than those up- 
on the other planets. 

The mountains of Venus, like those of Mercury and the 
Moon, are highest in the southern hemisphere. According^ 
to M. 8chroeter, a cdebrated Germau astronomer, who 
spent more than ten years in observations upon this planet, 
some of her mountains rise to the enormous height of from 
10 to 22 miles^* The observations of Dr. Herschel do not 
indicate so great an altitude ; and he thinks, that in genera) 
they are considerably overrated. He estimates the diame 
ter of Venus at 8,649 miles ; making her bulk more than 
one sixth larger than that of the Earth. Several • eminent 
astronomers affirm, that they have repeatedly seen Venus 
attended by a satellite, and tney have given circumstantial 
details of its size and appearance, its periodical revolution, 
and its distance from her It is said to resemble our Moon 
in its phases, its distance, and its magnitude. Other astro- 
nomers deny the existence of such a body, because it was 
not seen with Venus on the Sun's disc, at the transits of 
176], and 1769. 



THE EARTH. 

The Earth is the place from which all our observations 
of the hedvenly bodies must necessarily be made. The ap 
parent motions of these bodies being very considerably af- 
fected by her figure, motions, and dimensions, these hold 
an important place in astronomical science. It will there- 
fore be proper to consider, first, some of the methods by 
which they have been determined. 

If, standing on the sea-shore, in a clear day, we view a 
ship leaving the coast, in any direction, the hull or body of 
the vessel first disappears ; afterwards the rigging, and lastly, 
the top of the mast vanishes from our sight. Those on board 
the ship, observe that the coast first sinks below the horizon, 
then the buildings, and lastly the tallest spires of the city 
. I'll 

• lit, SLOS mOa i 2d, 18.97 milea ; 8d, 11.44 mOet ; 4th, 10.81 milet. 

WhyJBitinoredifltealttopen^vetheiiMqiiaHtiefl on her aorfkoe than thoN on tin 
«dwr phuoets ? In which hemisphere aiftlirinountiUDs highest 7 What doQi M. Schioe 
tat wake the altitude (^some of the lu^MK 7 Is this estimate connrmed hy the obsefva 
"Jl^mDt* Henohel ' How long is the diameter of Venus, aooordine to Hcrechel's es^ 
* Qpiw jnwsh Iai)Ber, then, most she be than the Earth ) Some astronomers aiBna 
Veoos attended hv a satellite, why do oUicn deny the existence of 
" it important, m an astronqniiail <iew, to be aoquointiHl with the 
motiooad^ (he Earth) Hentionsomeaf thepnmfsof the ooo- 
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which they ar^ learing. Now these phenomena are evi* 
dently caused hy the convexity of the water which is be- 
tween the eye and the object ; for, were the surface of the 
sea merely an extended plain, the largest objects would be ' 
visible the .ongest, and the smallest disappear first. 

CONVEXITY OF THE EARTH. 
Fig. 9. 




Again : navigators have sailed quite around the Earth, 
and thus proved its convexity. 

Ferdinand Magellan, a Ponagnese, was the first who carried this enterprise 
Into execution. He embariced from Seville. In Spain, and directed his course 
towaids the west. After a long voyage, he descried the continent of America. 
Not finding an opening to enable him to continue his coarse in a westeriy 
direction, he sailed along the coast towards the south, till, coming to its sou- 
thern extremity, he sailed around it, and found himselt in the great Southern 
Ocean. He then resumed his course towards the west After some time he 
arrived at the Molucca Islands, in the Eattem HemUphert ; and sailing coo- 
ttnually towards the west, he inade Europe from the east ; arriving at the place 
from wliich he set out* 

The next who eircamnavlgated the Earth, was Sir Francis Dralce, who sail- 
ed firom Plymoutli, December 1311577, with five small vessels, and arrived at 
the same place, September 26, 1660. Since that time, the circumnavigation of 
the Earth has been performed by Cavendish, Cordes, Noort, Sharten. Here* 
mites, Dainpier, Woodes, Rogers, Schovten, Ronewin, Lord Anson, Byron, 
Carteret, Wallis, Bougainville, Cook, King,'Clerk, Vancouver, and ini«ny uthors. 

These navigators, by sailing in a westerly direction^ al- 
lowance being made lor promontories, dbc. arrived at the 
country they sailed from. Hence, the Earth must he either 
cylindrical or globular. It cannot be cylindrical, because, 
it so, the meridian distances would all be equal to each other, 
which is contrary to observation. The figure of the Earth 
is, therefore, spherical. 

The convexity of the Earth, north and south, is proved 

by the altitude of the pole, and of the circumpolar stars, 

- 

• Magellan lailed irom Seville, in 9pain, Ancutt 10, 1610, in the ihip called the Vieto* 

a, accompanied by four other vesBeli In April, 1691, he was lulled in a ikimiish with 
e native!, at the island of Sedu, or Zebu, iometimes called Matan, one of the Philip* 
One of his vesaels, however, anived at St. Lucar, neor Seville, September 7, 1632. 



Whojirtt Bailed around the Earth 7 DeteriJbe briejly hie voyage. JVho next dr^ 
emnnaviffated the Earth? Deserilte hie voyage Mention the vameeqfeome of thoee 
who have fines aeeoinplie?ud thie enterprUe. What may we infer fitwn these nets il 
flfsidtutliefisura of tin Earth] Bow is the convexity Qfoersuifkce proved} 



200 THE BARTB. 

which is found uniformly to increase as we approach them, 
while the inclination to the horizon, of the circles described 
by all the stars, ^^radually diminishes. While proceeding 
in a southerly direction, the reverse of this takes place. 
The altitude of the pole, and of the circumpolar stars, con- 
tinually decreases; and all the stars describe circles whose 
inclination to the horizon increases with the distance. 
Whence we derive this general truth : The altitude of one 
pole, and the depression of the other, at any. place on the 
Earth^s surfax^e, is equal to the latitude of that place. 

Another proof of the convexity of the earth's surface is, 
that the higher the eye is raised, the farther is the view ex* 
tended. An observer may see the setting sun from the top 
of a house^ or any considerable eminence, after he has ceaa 
ed to be visible to those below. 

The curvature of the Earth for one mile is 8 inches ; and this curvatara 
Increases with the square of the distance. From this general law, it will be 
easy to calculate tire distance at which any object whose height Is given, may 
be seen, or to determine the height of an object when the distance is knowik 

1st. To find the height of the object when the distance is given. 

RvLB. Find the tquare of the dtetance inmilettt and titke two thirde of that 
number /or the height in feet. 

Ex. I.— How high must the eye of an observer be raised, to see the surftca 
of the ocean, at the distance of three miles 1 Ane. The square oi 3 ft., Is 9 
It, §nd I of 9 ft. is 6 ft. Ex. 2. Sup^iose a person can just see the top of a 
spire over an extended plain of ten miles, how high is the steeple 1 ulna. Tlia 
squaro of 10 is 100, and } of 100, is 66], feet 

2. To find the distance, when the height Is given. 

RvLB. Increase tht height in feet one ha^^and extract the equate root, far 
the distance, in milea. 

Ex. 1 .—How far can a person see the surface of a plain, whose eye Is ele- 
vated six feet above it 1 An». 6, increased by its half, is 9, and the square 
root of 9 is 3 ; the distance is then 3 miles, fix 2.— To what distance can • 
person see a light-house whose height is 96 feet from the level of the ocean 1 
Ana. 96 increased by its half. Is 144, and the square root of 144 is 12; the 
dlBtance is therefore 12 miles. 

3. To^nd the curvature of the Eanh when It exceeds a mile. 
Rt AE. Multiply the equate qf the distance by .000126. 

Although it appears from thf- preceding facts, that the 
Earth is spherical, yet it ia not a perfect sphere. If it were, 
the length of the degrees of latitude, from the equator to the 

Eoles, would be uniformly the same ; hut it has been found, 
y the most careful measurement, that as we go from the 
equator towards the poles, the length increases with the laiU 
tude. 

These measurements have been made by the most eminent mathematicfana 
K different countries, and In various places, from the equator to the aretle 

To tohea is the convexity ptoportUmal J State the rule, deduced from this fttit 
Jbrjlndine the height qf an omect, tohen its distance from us is given. State tfM 
nUeftir Anding the distance when the height is given. State the rule far finUksg 
Cte curvature of the Earth when the distance exceeds a miie. Is the fifuie of the Earn 
an exact apht^c 7 Were the Earth a perfect spherei how would the leocthof the ' 
er latitude be, compared with each other 1 How are tber. in fact ? 
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rJrcte. Iliey have found that a degree of latitude at the arctic circle 
nine nsteentha of a mile longer than a degree at the equator, and that the ratio 
of increase for the interm^iate degrees was nearly as the squares of the 
sines of the latitude. Thus tiie tlieory of Sir Isaac Newton was confii med, 
that the body of the Earth was more rounded and convex between the tropica 
but considerably flattened towards the poles. 



Places of 
Obeervatton. 


Laiitude, 


Length of a degree 
in Engliahmiles. 


Obeervgra. 


Peru 

Pennsylvania 

Italy 

Prance 

England 

Sweden 


Equator. 
390 12' N. 
43 01 
46 

51 29' 64i" 
66 20 10 


68.732 
68.896 
68.998 
69.054 
69.146 
69.292 


Bouguer. 

Mason and Dixon. 

Boscovich and Lemwre. 

Belambre and Mccbaia. 

Mudge. 

Bwamberg. 




These measurements prove the Earth to be an oblate 
gpheroid, whose longest or equatorial diameter is 7934 miles, 
and polar diameter, 7898 miles. Thci mean diameter is, 
therefore, abou^ 7912, and their difference 26 miles. The 
French Academy have determined that the mean diameter 
of the Earth, from the 45th degree of north latitude, to the 
opposite degree of south latitude, is accurately 7912 miles. 

If the Evrth were an exact sphere, its diameter Fig. 10. 

might be determined by its curvature, from a single 
measurement. Thus, in the adjoining figure, we have 
A B equal to .1 mile, and B D equal to 8 inches, to 
find A B, orxB E, which does not sensibly differ from 
A E, since B D is only 8 inches. Now it is a propp- 
aition of Euclid, (B. 3, prop. 36,) that, when from a 
point without a circle, two lines be drawn, one cutting 
and the other touching it, the touching line (B A) is a 
mean proportional between the cutting line (B E) and 
that part of it (B D) without the circle. 

BD: BA:: BA:BEorAE very nearly. 

niat is, I mile being equal to 63360 inches, 

8 : 63360 : : 6^ : 50181120 itichea, or 7920 miles. 

This is very nearly what the most elaborate calculations make the Earth's 
equatorial diameter. 

The Earth, considered as a planet, occupies a fayoured- 
rank in the Solar System. It pleased the All-wise Crea- 
tor to assign its position among the heavenly bodies, where 
nearly all the sister planets are visible to the naked eye. 
It is situated next to Venus, and is the third planet from the 
Sun. 

To the scholar who for the first time takes up a book on astronomy, it will 
no doubt seem strange to find the Earth classed witii the heavenly t>odiefl. 

■ — ' 

What ia tru length <J a degree at the Arctic circle, compared laith a degree at th$ 
muator, a. found by the measurements of different mathemtUiefaneJ What hoM 
tney found to be the ratio qfincreaee for the intermediate degrees 7 Wfiat theory 
do Ouee facts confirm 7 what is tiie length of tlie Earth's equatorial diameter, as found 
hf these measurements 1 What, her polar diameter I What is the diflbrence between the 
two? What ia her moan diameter? What have the French academy determined to be 
Uie exaet mean diameter from the 45th degree of north latitude to the opposite degree of 
MMth latitude! lUustrate the method qfjlnding the diameter <if the Earth from her 
eurvature, on the supposition that her Mure is an exact sphere. What is the length 
t^her diameter as thus found 7 Hoto is this, compared toith the equatorial diameter, 
as Mind by the nuM elaborate ealcukttUms7 What ia the position <^ the Earth ia tin 
eouur System} 
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For what can appear more anllke, than the tSarth, with her Tast aod ae^mf oglr 
immeasurable extent, and the atars, which appear but as points 1 The Eartn 
is dark and opaque, the celestial bodies are brilliant We perceive iti it iw 
motion ; while in Uiem we observe a coniinuol change of place, as we view 
them at different hours of the day or night, or at different seasons of the yeair 

It moves round the Sun, from west to east, in 365 days 
5 hours, 48 minutes, and 48 seconds ; and turns, the samt 
way, on its axis, in 23 hours, 56 minutes, and 4 seconds 
The former is called its annual motion, and causes the 
vicissitudes of the seasons. The latter is called its diumcU 
motion, and produces the succession of day and night. 

The Earth's mean distance from the Sun is about 95 
millions of miles. It consequently moves in its orbit at the 
mean rate of 68 thousand miles an hour. Its equatorial di- 
ameter being 7924 miles, it turns on its axis at the late of 
1040 miles an hour. 

Thus, the earth on which we stand, and which has serv- 
ed for ages as the unshaken foundation of the firmest struc- 
tures, is every moment turning swiftly on its centre, and, at 
the same time, moving onwards with great rapidity through 
the empty space. 

This compound motion is to be understood of the whole 
earth, with all that it holds within its substance, or sustains 
upon its suriace — of the solid mass beneath, of the ocean 
which flows around it, of the air that rests upon it, and of 
the clouds which float above it in the air. 

That the Earth, in common with all the planets, revolves 
around the Sun as a centre, is a fact which rests upon the 
clearest demonstrations of philosophy. That it revolves, 
like them, upon its own axis, is a truth which every rising 
and setting sun illustrates, and which very many phenomena 
concur to establish. 

Either the Earth moves around its axis ever^^ day, or the 
whale universe moves around it in the same time. There 
is no third opinio *bat can be formed on this point. Either 
the Earth must rv,*rolve on its axis every 24 hours, to pro- 
duce the alternate succession of day and night, or the Sun^ 
Moon, planets, comets, fixed stars, and the whole frame oi 
the universe itself, must move around the Earth, in the same 
time. To suppose the latter case to be the fact, would be 
to cast a reflection on the wisdom ofihe Supreme Architect, 
whose laws are universal harmony. As well might the 
beetle, that in a moment turns on its ball, imagine the heav- 



What pevolutioiw does it perfoim. and in what direction T Wliut u the time occupiedto 
«ach of tiiese revolutiont 1 By wliat terms axe these revolutions distinguished, and what 
important effects do ttieynroduce I What is the Eartii's mean distance from the Sunt 
What is the mean rate of its motion in its oihit per hour 1 What is the rate of its |«vota> 
lk« oo its axis per hour } What are tlw ptoofs, that U perfiinns these two rovolatioiial 



rUB EARTB. 803 

ens and the Earth had made a reyolution in the same instant. 
It is evident, that in proportion to the distance of the ce* 
lestial bodies from the Earth, must, on this supposition, be 
the rapidity of their movements. The Sun, then, would 
move at the rate of more than four hundred thousand miles 
in a minute ; the nearest stars, at the iaconceivable velocity 
of 1400 millions of miles in a second; and the most distant 
liuninaries, with a decree of swiftness which no numbers 
eould express, — and all this, to save the little, globe we tread 
upon, from turning safely on its axis once in 24 hours. 

The idea of the heavens revolving about the Earth, is en- 
cambered with innumerable other difficulties. We will 
mention only one more. It is estimated on good authority, 
that there are visible, by means of glasses, no less than one 
hundred millions of stars, scattered at all possible distances 
in the heavens above, beneath, and around us. Now. is it 
in the least degree prgbable, that the velocities of all these 
bodies should be so regulated, that, though describing circles 
so very different in dimensions, they should complete their 
revolutions in exactly the same time. 

In short, there is no more reason to suppose that the heav- 
ens revolve around the Earth, than there is to suppose that 
they revolve around each of the other planets, separately, 
and at the same time ; since'the same apparent revolution is 
common to them all, for they all appear to revolve upon 
their axis, in different periods. 

The rotation of the Earth determines the length of the 
day, and may be regarded as one of the most important el- 
ements in astronomical science. It serves as a universal 
measure of time, and forms the standard of comparison for 
the revolutions of the celestial bodies, for all ages, past and 
to come. Theory and observation concur in proving, that 
among the innumerable vicissitudes that prevail throughout 
creation, the period of the Earth's diurnal rotation is immu- 
table. 

The Earth performs one complete revolution on its axis 
in 23 hours. 56 minutes, and 4.09 seconds, of solar time 
This is called a sidereal day, because, in that time, the 
stars appear to complete one revolution around the Earth.^ 

But, as the Earth advances almost a degree eastward in 
its orbit^ in the time that it turns eastward around its axis, 
it is plain that Just one rotation never brings the same me- 
ridian around from the Sun to the Sun again ; so that the 

Earth requires as much more than one complete revolution 

■» I ■■■'■ " ' II I ■* ^— .^^^^ 

W1»t important pinpoMsdoet the period of the Eaith*! rotation wrv«1 Wbatiiai^ 
'(kr) What if a tolar day ) 
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on its axis to coorplete a solar day, as it ha^ gone forward 
in that time. Hence in every natural or solar day, the 
Earth performs one complete revolution on its axis, and the 
365th part of another revolution. Consequently, in 365 
iays, the Earth turns 366 times around its axis. And as 
every revolution of the Earth on its axis completes a side- 
real day, there must be 366 sidereal days in a year. And, 
generally, since the rotation of any planet about its axis is 
the length of a sidereal day at that planet, the number of 
sidereal days will always exceed the number of solar days, 
by one, let that number be what it may, one revolution be- 
mg always lost in the course of an annual revolution. This 
dinerence between the sidereal and solar days may be il- 
ustrated by referring to a watch or clock. When hotfa 
nands set out together, at 12 o'clock for instance, the minute 
hand must travel more than a whole circle before it will 
overtake the hour hand, that is, before they will come into 
conjunction again. 

In the same manner^ if a man travel around the Earth 
eastwardly, no matter m what time, he will reckon one daiv 
inore, on his arrival at the place whence he set out, than 
they do who remain at rest ; while the man who travels 
arround the Earth westwardly will have one day less. From 
which it is manifest, that, if two persons start from the same 
place at the same time, but go in contrary directions, the 
one travelling eastv^rd and the other westward, and each 
goes completely arcand the globe, although they should both 
arrive again at the very same hour at the same place from 
which they set out, yet they will disagree two whole davs 
in their reckoning. Should the day of their return, to the 
man who travelled westwardly, be Monday, to the man who 
travelled eastwardly, it would be Wednesday ; while to 
those who remained at the place itself, it would be Tuesday. 

Nor is it necessary, in order to produce the gam or loss 
of a day, that the journey be performed either on the equa- 
tor, or on any parallel of latitude ; it is sufficient for the 
purpose, that all the meridians of the Earth be passed 
through, eastward or westward. The time, also, occupied 
in the journey, is equally unimportant ; the gain or loss of 
a day being the same, whether the Earth be travelled 
around in 24 years, or in as many hours. 

. .^ . _-_ 1 I 1 a 1 I I I - 1 — — ~ 

« 

What part of a aeoond revolution does the Earth complete in every ■olai- day ? How 
many timea, then, does it turn on ita axis in 885 days ? Howmany sidereal days are tun 
in a feaal On any planet, what is the number of the sidereal days oomparra with the 
number of the solar? Illustrate the diflferenoe between tjie sidereaj and solar dayii b^ re* 
feinng to a watch or eloek. lUostnts it by rofeiring to t%ro travelkn ffoiov around the 
fMie» oM aaatwanUy sod the other weatvraidljr. 
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Tt IS also evident, that if the Earth turned around its axis 
but once in a year, and if the revolution was performed the 
same way as its revolution around the Sun, tnere would be 
perpetual day on one side of it, and perpetual night on the 
other. 

From these ftets the pupil will readily comprehend the principles iniobetf 
In a curioos problem wliich appeared a few years ago : It was gravely report- 
ed by an American ship, that, in sailing over the ocean, it chanced to find ais 
Sundays in February . The fact was insisted on, and a solution demandeci 
Hiere is nothing absurd in this.-^The man who travels around the Earth etui- 
wareUy, will see the Sun go down a little earlier every succeeding day, than 
if he had remained at rest ; or earlier than they do who live at the place from 
which he set out The faster he travels towards the rising sun, the sooner 
will it appear above the horizon in the morning, and so much sooner will it set 
in the evening. What he thus gains in time^ will bear the same proportion to 
a solar day, as the distance travelled does to the circumference of the Earth. 
— As the globe is 360 degrees in circumference, the Sun will appear to move 
over one twenty-fourth part of its surface, or 14^, every hour, which is 4 
minutes to one <{e^T8e.— Consequently, the Sun will rise, come to the meri- 
dian, and set, 4 minutes sooner, at a place 1^ east of us, than it will with us ; 
at the distance of 2° the Sun will rise and set 8 mmutes sooner ; at the dis- 
tance of 3^, 12 minutes sooner, and so on. 

Now the man who travels one degree to the east, the first day, will have the 
Sun on his meridian 4 minutes sooner than we do who are at rest ; and the 
second day, 8 minutes sooner, and on the third day, 12 minutes sooner, and so 
on ; each successive day being completed 4 minutes earlier than the preced- 
ing, until he arrivcs-again at the place from which he started ; when this cod> 
tinual gain of 4 minutes a day will have amounted to a whole day in advance 
of our time ; he having seen the Sun' rise and set once more than we have. 
Consequently, the day on which he arrives at home, whatever day of the weeic 
it may be, is one day in advance of ours, and he must needs live that day over 
again, by calling the next day by the same name, in order to make the accounts 
harmonize. 

If this should be the last day of February in a bissextile year, it woold i 



be the same day of the week that the firat was, and be six times repeati^ 
and if it should happen on Sunday, he would, under these circumstano^ 
have six Sundays in February. 

Again .'—Whereas the man who travels at the rate of one degree to the east 
will have all his days 4 minutes shorter than ours, so, on the contrary, tha 
man who travels at the same rate towards the west, will have all his days 4 
minutes longer than ours. When he has finished the circuit of the Earth 
and arrived at the place from which he first set out, he will have seen tlic 
Sun rise and set once leee than we have. Consequently, the day he gets homs 
will be one day after the time at that place : for which reason, if ho arrives at 
home on Saturday, according to his own account, he will have to call the nexl 
day Monday ; Sunday having. gone by before he reached home. Thus, on 
whatever day of the week January should end, in common vears, he would 
find the same day repeated only three times in February. Ir January ended 
on Sunday, he would, under these circumstances, flund only three Sundaye in 
Feltruary. 

The Earth's motion about its axis beine perfectly equa- 
Dle and uniform in every part of its annual revolution, the 
sidereal days are always of the same length, "but the solar or 
natural days vary very considerably at different times of the 
year. This variation is owing to two distinct causes: the 

If the Earth revolved on its ascis but once ayear, and in the same direction ss it revolves 
around the dun, what would be the tonsequence ss it reaaids day and oigiit? It taae 
gravety reported eome years ago by an Anurican ehip, tnatin eaiUng over the ocean, 
it found eix Sundaye in February; pleaae explain thie. Why are the sidereal dsys 
aiways of the same length 1 What are the causss of the difAranee in the kagth of ths 
solar days? 

18 
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indiDatioo of the Earth's axi^to its orbit, and the !aequa.itj 
df its motion around the Sun. From tnese two causes it 
'i& that the time shown by a well regulated clock a;>d ttiat 
of a true sun-dial are scarcely eyer the same. The difference 
between them, which sometimes amounts to 1&^ minutes 
is called the Equation of IHme, or the equation of solar 
days. 

The difference between mean and apparent time, or;^ In other wnrdu, be- 
tween Equinoctial and Ediptic time, may be further -ehown by Figure 11, 
which repreBents the circles of the- sphere. Let it be first premised, thia 
ei^inoeHeal time is elodt time ; and that ecbptic time is aoUtr or apparent 
time. It appears, that from Aries to Cancer, the sun in tlie eclipticV^mes to 
the meridian btfore the eqninoctial sun ; from Cancer to Libra, after it ; from 
Libra to Capricorn, before it ; and from Capricorn to Aries, tifter it. If we 
notice what months the Sun is in these several quarters, we shall find, that 
* from the 23th of December to the 16th of April, and from the 16th of June U 
the 1st of September, the clock ia faster than the sun-dial ; and that, from th« 
16th of April to the 16th of June, and from the 1st of September ta the 28th 
•f December, the eun-dial Is faster than the clock. 

EQUATION OF TUIB. 

« 

Pig. a. 




It is a universal fact that, while none of the planets are 
perfect spheres, none or their orbits are perfect circles. The 
planets all revolve about the Sun, in ellipses of different 
aegrees of eccentricity ; having the Sun, not in the centre 

Mne ellipse, but in one of its foci. 

__^ 

^ ■ 

WhAt ii meant by the exprenion, eqaation of time ? lUtmrate thn dffftrence between 
•mm and opparent time by refettmce to F1^. 1 1 . What is the fiffure of the oiUls of Uw 
tfUuiHts 1 m wluit iiotnt of th» f iriHtM tsk the Sun ■ituated ? 
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The ficare A D B B is an eUipte. llie linn 
A B is called the transverse axis, and the lin« 
drawn through the middle of this line, and dpT' 
pendicular to it, is the conjugate axis. Tbo 
point C, the middle of the transverse axis, is 
_ the centre of the ellipse. The points F and f, 
*D equally distant from C, are called the foci. O 
F, the distance from the centre to one of the 
foci, is called the eccentricity. The orbits of 
the planets being ellipses, « leaving the Sun in 
one of the foci, if A D B B be the orbit of a 
^ planet, with the Sun in the focus F, when the 

E planet is at the point A, it will be in its peri- 

kelion, or nearest the Son ; and when at the point B in itb apheUon, or at its. 
createst distance from the Sun. The difference in these distances is evident 
Ir equal to F ( that Is, equal to twice the eccentricity of its orbit. ^ In every re* 
volution, a planet jpasses through its perihelion and aphelion. The eccentri- 
city of the Earth's orbit is about one and a half millions of miles ; hence she 
is three millions o^ miles nearer the Sun in her perihelion, than in her aphe- 
lion. 

Now as the Sun remains fixed in the lower focus of the Earth's orbit, it is 
easy to perceive that a line, passing centrally through the Sun aLright angles 
with the longer axis of the orbit, will divide it into two uneqtB segments. 
Precisely thtu it is divided by the equinoctiaL ^ 

That portion of the Earth's orbit which lies above the 
Sua, ox north of the equinoctial, contains about 184 degrees ; 
while that portion of it which lies heUrw the Sun, or south 
of the equinoctial, contains only 176 degrees. This fact 
shows why the Sun continues about 8 days longer on- the 
north side of the equator in summer, than it does on the 
south side in winter. The exact calculation, for the flar 
1830, is as follows : 

» ^ d. h. m. 

From the vernal equinox to the summer solstice, ^-92 21 19 P d. h. mt 
From the summer solstice to the autumnal equino^ *93 14 1 s 183, 11, 19. 
From the autumnal equinox to the winter solstice, *89 17 \7 ) d. h. m. 
From the winter solstice to the vernal equinox, —89 1 13 S 178; 18; 301 

Difference in favour of the north side, ■« 7, 16, 49. 

Thie points of the Earth's orbit which correspond to its greatest and least 
distances from the Sun, are called, the former tne Apogee^ and the latter die 
Perigee ; .two Oreelc words, the former of which signifies from the Earthy 
and tlic latter about the Earth. These points are also designated by the 
common name of Apsides. [She these points represented, Plate /.] 

The Earth being in its perihelion about the the 1st of Janu- 
ary, and in its aphelion the 1st of July, we are three millions 
of miles nearer the Sun in winter than in midsummer. The 
reason why wie have not, as might be expected, the hottest 
weather when the Earth is nearest the Sun, is, because the 
f , . 

What is the eccentricity of an orbit 7 Hout many times is a planet in itsHtphe* 
tUMt and htno nutny in its veriheliont in every revtdution 7 How much farther 
is it from the Sttn tn the former ease than in the latter 7 In which focus of the 
Sarth^s orbit is the Sunf How does the eguinoetial divide the Earth's orbit t 
Why does the Sun remain longer on the north sidekof the equator in Biunmer, than it does 
on the south side in winters WTuU are the Earth's Apogee and Perigee ? By to?uu 
common name are these two points designated 7 When is the Earth in its Perihelion i 
Whea in its Aplielion } Are we nearer the Sun in summer tiian in winter? How mnch 
nearer atojye in winter than in summer ) Why do we not have the hottest woalhu 
when wfve nearest the Sun 3 
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San, at that time, having retreated to the southera tropic, 
shines so obliquely on the northern hemisphere, that its rays 
have scarcely half the effect of the summer Sun ; and con- 
tinuing but a short tinie above the horizon, less heat is ac- 
cumulated by day than is dissipated by night. 

As the Earth performs its annual revolution around the 
Sun, the position of its axis remains invariably the same ; 
always pointing to the North Pole of the heavens^ and al- 
ways maintaining the same inclination to its orbit. This 
seems to be providentially ordered for the benefit of man- 
kind. If the axis of the Earth always pointed to the centre 
of its orbit, all external objects would appear to whirl about 
our heads in an inexplicable maze. Nothing would appear 
permanent. The martner could no longer direct bis course 
by the stars, and every index in nature would mislead us. 



THE MOON. 



There is no object within the scope of astronomical ob- 
4servation which afibrds greater variety of interesting inves- 
tigation than the various phases and motions of the Moon. 
From them the astronomer ascertains the form of the Earth, 
the vicissitudes of the tides, the causes of eclipses and oc- 
jMiltations, the distance of the Sun, and, consequently, the 
Magnitude of the solar system. These phenomena, which 
are perfectly obvious to the unassisted eye, served as a stand- 
ard of measurement to all nations, until the advancement 
of science taught them the advantages of solar time. It is 
to these phenomena that the navigator is indebted for that 
precision of knowledge which guides him with well grounded 
confidence through the pathless ocean. 

The Hebrews, the Greeks, the Romans, and, in general, 
all the ancients, used to assemble at the time of new or full 
Moon, to discharge the duties of pi^ty and gratitude for her 
unwearied attendance on the Earth, and all her manifold 
ases. 

When the Moon, after having been in conjunction with 
the Sun, emerges from his rays, she first appears in the 
evening, a little after sun-set, like a fine luminous crescent, 
with its convex side towards the Sun. If we observe her 

. Ks the Earth rcvolws about the Sun, what is the position of its axis 7 Should itn axis 
always point to the centre of it8 orbit, how would external objects appear to us 7 Wbat 
important purposes does the Moon serve fo the astronomer 1 Of what importance are iter 
phenomrnn to the navigator? What nations used to assemble at the time of the new or 
of the full Moon, to express their gratitude fnt her benefits t Describe the apiOMot i»ot¥i« 
«r rb|||Aoon, and ber phases. 
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the neyt evening, we find her about 13^ farther east of the 
Sun than on the preceding evening, aifd her crescent of hght 
sensibly augmented. Repeating these observations, we per- 
ceive that she departs farther and farther from the Sun, as 
her enlightened surfhce comes more and more into view, un- 
til she arrives at her Jirst quarter, and comes to the meridian 
at sun-set. She has then finished half her course from the 
new to the full, and half her enlightened hemisphere is turn- 
ed towards the Earth. 

After her first quarter, she . appears more and more gib* 
bou8, as she recedes farther and farther from the Sun, until 
she has completed just half her revolution around the Earth, 
and is seen rising in the east when the ^un is setting in the 
west. She then presents her enlightened orb fiUl to out 
view, and is said to be in opposition j because she is then 
uu ihe opposite side of the Earth with respect to the Sun. 

In the nrst half of her oibit she appears to pass over out 
heads through the upper hemisphere; she now descends be- 
low the eastern horizon to pass through that part of her or* 
bit which lies in^the lower hemisphere. 

After her full she wanes through the same changes of ap- 
pearance as before, but in an inverted order ; and we see her 
in the morning like a fine thread of light, a little west of the 
rising-sun. For the next two or three days she is lost to 
our view, rising and setting in conjunction with the Sun ; 
after which, she passes over, by reason of her daily motion, 
to the east side of the Sun, and we behold her again a new 
Moon, as before. In changing sides with the Sun, she 
changes also the direction of her crescent. Before her con- 
junction, it was turned to the east; it is now turned towards 
the west. These different appearances of the Moon are 
called her piloses. They prove that she shines not by any 
light of her own ; if she did, being globular, we should al- 
ways see her a round full orb like the Sun. 

The Moon is a satellite to the Earth, about which she re- 
volves in an elliptical orbit, in 29 days, 12 hours, 44 min- 
utes, and 3 seconds : the time which elapses between one 
new moon and another. This is called her synodic revo- 
lution. Her revolution from any fixed star to the same srai 
again, is called her periodic or sidgrial revolution. It in 
accomplished in 27 days, 7 hours, 43 minutes, and 11. J- sec- 
onds ; but in this time, the Earth has advanced nearly as 
many degrees in her orbit ; consequently the Moon, at the 

Ho AT is it known that the Moon does not shine by her own light 7 About what docs the 
Moon revolve, and what is the figure of her orbit 7 What is the time dT her revolatioa 
ftom one new Mooo to another 7 What is this revolution denomumted 1 What is hfw po* 
dodie or sidereal revolution 7 In what time is this aooomidished ) ^ 
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end of one complete revolution, must go as many degrees 
farther, before sne wiir come agam into the same position 
with respect to the Sun and the Earth. 

The Moon is the nearest of all the heavenly bodies, beiog 
about 30 times the diameter of the Earth, or 240)000 miles, 
distant from us. Her mean daily motion, in her orbit, i« 
nearly 14 times as great as the Earth's ; since she not on if 
accompanies the Earth around the Sun every year, but, id 
the meantime, performs nearly 13 revolutions about the 
Earth. 

Uthoogh the apparent motion of the Moon, in her orbit, is greater than 
iiaX of any other heavenly body, since she passes over, at a mean rate, a» 
less than 13° 1(K 35" in a day ; yet this is to be understood as angular motion 
— motion in a small orbit, and therefore embracing a great number of degrees, 
and but comparatively few miles. 

As the Moon, while revolving about the Earth, is carried 
with it at the same time around the Sun, her path is ex- 
tremelyr irregular, and very different from what it seems to 
be. Like a point in the wheel of a carriage, movin|^ 
over a convex road, the Moon will describe a succession oi 
epicycloidal curves, which are always concave towards the 
Sun'; not very unlike their presentation iti the following 
figure. 

THE moon's motion. 



Fig. 12. 




To what is the difl^nce of time in tiieae two revolutioni owinff 7 How great ii the 
Aitanoe of the Moon ftom the Earth, compared witli that <^ the other heavenly hoik* 1 
What i» her diitanee from ub ) What is her motion in her wbit, compared with the 
Bartfa's ) How many time* does she revolve around tiie Earth, every year? The amW' 
rem motion qf the Moon U greater in her orbit tharithat qfany other ^^^^^'^^^ftf 
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Let AA b B represent a portion of the Eanh'a orbit ; and abed* th« 
Innar orbit When the Earth is at ft, the new Moon is at a ; and while the 
Eaith is moying from 6 to its position as represented in the figure, the Moon 
has moved through half her orbit, from a to c, where she is full ; so while 
the Earth is moving from its present position to cf, the Moon deftsribes the 
other half of her orbit from e to e ; where she is again in conjunction. 

The Mood, though apparently as large as the Sun, is the 
smallest of all the heavenly bodies that are visible to the 
naked eye. Her diameter is but 2163 miles ; consequently 
her surface is 13 times less than that of the Earth, and her 
bulk 49 times less. It would require 70 milliqns of such 
bodies to equal the volume of the Sun. The reason why 
she appears as large as the Sun, when, in truth, she is so 
much less, is because she is 400 times nearer to us than the 
Sun. 

The Moon revolves once on her axis exactly in the time 
that she performs her revolution around the Earth. This 
is evident from her always presenting the same side to the 
Earth ; for if she had no rotation upon an axis, every part 
of her surface would be presented to a spectator on the 
Earth, in the course of her synodical revolution. It follows, 
then, that there is but one day and night in her year, con- 
taining, both together, 29 days, 12 hours, 44 minutes, and 3 
seconds. 

As the Moon turns on her axis only as she moves around 
the Earth, it is plain that the inhabitants of one half of the 
lunar world are totally deprived of the sight of the Earth, 
unless they travel to the opposite hemisphere. This we 
may presume they will do^ were it only to view so sublime 
a spectacle ; for it is certam that from the Moon the. Earth 
appears ten times larger than any other body in the universe. 

As the Moon enlightens the Efarth, by reflecting the light 
of the Sun, so likewise the Earth illuminates the Moon, ex- 
hibiting to her the same phases that she does to us, only in 
a contrary order. And, as the surface of the Earth is 13 
times as large as the surface of the Moon, the Earth, when 
full to the Moon, will appear 13 times as large as the full 
moon does to us. That side of the Moon, therefore, which 
is towards the Earth, may be said to have no darkness at all, 
the Earth constantly shin ins upon it with extraordinary 
splendour when the Sun is sibsent ; it therefore enjoys suc- 
cessively two weeks of illumination from the Sun, and two 

What is ber magnitude, compared with that of tlie other heavenly bodies } What is hei 
diameter? Hqv great ai%ber surface and Iter built, compared with those of the Eartiit 
How many sucn bodies Mpid it require to equal the volume of tlie Sun 7 Why does she 
aiH)ear as large as the dufl^-hen in reality slie is so much less 7 What is the time of her 
fSToiuiion on her axjs,jebrtiipared with tliat of iier revolution around the Earth 7 How is 
this proved 7 How inany days and nights then has she in the courne of her synodical re* 
volbtioo 7 Wiiat is the length of both united 7 Desoribe the phenomena of Ihe Earth as 
I by the inhaliitaots of the Moon. 
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tVeeks of earth-light from the Earth. The other side of the 
Moon has alternately a fortnight's light, and a fortnight's 
darkness. 

As the Earth revolves on its axis, the several continents, 
seas, and islands, appear to the lunar inhabitants like so 
many spots, of different forms and brightness, alternately 
movmg over its surface, being more or less brilliant, as they 
are seen through intervening clouds. By these spots, the 
I lunarians can not only determine the penod of the Earth's 
rotation, just as we do that of the Sun, but they may also 
find the longitude of their places, as we find the latitude ot 
ours. 

As the full Moon always happens when the Moon is di- 
rectly opposite the Sun, all the full Moons in our winter, 
must happen when the Moon is on the north side of the equi- 
noctial, because then the Sun is on the south side of it ; con- 
sequently, at the north pole of the Earth, there will be a 
fortnight's moon-light and a fortnight's darkness by turns, 
for a period of six months, and the same will be the fact du- 
ring the Sun's absence the other six months, at the south 
pole. 

The Moon's axis being inclined only about 1^^ to her 
orbit, she can have no sensible diversity of seasons ; from 
which we may infer, that her atmosphere is mild and uni- 
form. The quantity of light which we derive from the Moon 
when full, is at least 300 thousand times less than that of 
the Sun.* 

When viewed through a good telescope, the Moon pre- 
sents a most wonderful and interesting aspect. Besides the 
large dark spots, which are visible to the naked eye, we 
perceive extensive valleys, shelving rocks, and long ridges 
of elevated mountains, projecting their shadows on the 
lains below. Single mountains occasionally rise to a great 
eight, while circular hollows, more than three miles deep, 
»eem excavated in the plains. 

Her mountain scenery bears a striking resemblance to the 
towering sublimity and terrific ruggedness of the Alpine re- 

* Thifl ii Mods. BouQuer'i inierence, Crom his ezperimeiito, u stated by La Plaee, ia 
his work, p. 49. 1'be result of Dr. Wollaston's ooroputatioas was diflerent Proftssav 
l«slie makes the light c^the Mooo 1SU,000 times less than that of the Sun: it was fimner- 
*f reckoned 100,000 times less. 

As the Earth revolves on its axis, bow do its continents, seas, and islands, appear to 
the lunar inhabitHOts? For what purposes may these spots serve to the lunaiianH 7 What 
are the periods of the Moon's presence and absence to the polar inhabitants 7 Explain 
thte. why cannot the Moon have any sensible diversity of seasons 7 What then mar 
we infer to be the ebaiaoter of her atmosphere 7 What is the quantity of light wtiieh 
■he aiS>rdi when full, compared with that of the Sun 7 Describe the appearuiee of tba 
Moon when ifecn thraiHrfi a good telescope. What mountains of tlie Earth does bar 
■sQUP^ain scenery resemfie 1 
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glloRs, or of the Appenines, aAer which some of her moiin- 
ttuns have been named, and of the Cordilleras of oar own 
continent. Hu^e masses of rock rising precipitously from 
the plains, lift their peaked summits to^an immense iieight 
in the air, while shapeless crags hang over their projecting 
sides, and seem on the eve of being precipitated into the 
tremendous chasm below. 

Around the base of these frightful eminences, are strewed 
numerous loose and unconnected fragments, which time 
seems to have detached from their parent mass ; and when 
we examine the rents and ravines which accopipany the 
overhanging cliffs, the beholder expects every moment that 
they are to oe torn from their base, and that the process of 
destructive separation which he had only contemplated in 
its effects, is about to be exhibiled before him in all its 
reality. 

The range of mountains called the Appenines, which tra- 
verses a portion of the Moon's disc from north-east to south- 
west, and of which some parts are visible to the naked eye, 
rise with a precipitous and craggy front from the level of 
the Mare Imbrium, or Sea of showers.'^ In this extensive 
range are several ridges whose summits have a perpendicu- 
lar elevaiion of four miles, and more ; and though they 
often descend to a much lower level, they present an inae- 
cessible barrier un the north-east, while on the south-west 
ihey sink in gentle declivity to the plains. 

There is one remarkable feature in the Moon's surface 
which bears no analogy to any' thing observable on the 
Earth. This is the circular cavities which appear in every 
part of her disc. Some of these immense caverns are nearly 
four miles deep^ and forty miles in diameter. They are 
most numerous m the south-western part. As they reflect 
the Sud's rays more copiously, they render this part of her 
surface more brilliant than any other. They present to 
us nearly the same appearance as our Earth might be sup- 
posed to present to the Moon, if all our great lakes and seas 
were dried up. 

The number of remarkable spots on the Moon, wn*."** 
latitude and longitude have been accurately determined, 
exceeds 200. The number of seas and lakes, as they were 
formerly considered, whose length and breadth are known, 

• ^ ^_^ 

* The name of a lunar tpot 

Deacribe the anpearenoe of her mountamg. On what part of her disc is that ran^ of 
mountains called the Appenines, situated 7 Describe it What remarkable feature in tlie 
Moon's surface, bean no anatofry to any thing observable on the Earth's suifkce? Describ* 
t)ii>ir appearance. What is the number of remarkable spots in the Moon's surface, whosa 
talttudo and longitiid; have been accurately determmed 1 What is the nomber of aeaa and 
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is between 20 and 30; while the number of peaks and 
mountains, whose perpendicular elevation varies froai a 
fourth of a mile to five miles in height, and whose bases 
are from one to seventy miles in length, is not less than one 
hundred and fifly.* 

Graphical views of these nataral appearances, accompanied with minute 
and familiar descriptions, constitute what is called Selenography^ from two 
Greeic words, which mean the same thing in regard to the Moon, as Qeoff- 
raphy does in regard to the Earth. 

. An idea of some of these scenes may he formed by con« 
ceiving a plain of about 100 miles in circumfereuee, encircled 
by a raoge of mountains, of various forms, three miles in 
perpendicular height, and having a mountain near the 
centre, whose top reaches a mile and a half above the level 
of the plain. From the top of this central mountain, the 
whole plain, with all its scenery, would be distinctly visible, 
and the view would be bounded only by a lofty amphitheatre 
of mountains, rearing their summits to the sky. 

The bright spots of the Moon are the mountainous 
regions ; while the dark spots are the plains, or more 
level parts of her surface. There may be rivers or small 
lakes on this planet ; but it is generally thought, by astrono* 
mers of the present day, that there are no seas or large col- 
lection «i of water, as was formerly supposed. Some of 
these mc mtains and deep valleys alle visible to the naked 
eye ; and lu ny more are visible through a telescope of but 
moderate powers. 

A telescope which magnifies only 100 times, will show a 
spot on the Moon's surface, whose diameter is 1223 yards ; 
and one which magnifies a thousand times, will enable us 
to perceive any enlightened object on her surface whose di- 
mensions are only 122 yards, which does not much exceed 
the dimensions of some of our public edifices, as for instance, 
the Capitol at Washington, or St. PauPs Cathedral. Pro- 
fessor Frauenhofer, of Munich, recently announced that he 
had discovered a lunar edifice,- resembling a fortification^ 
together with several lines of road. The celebrated as- 
tronomer Schroeter, conjectures the existence of a great 

* Brewster's Selenography. The best maps of the Moon hitherto published, are those 
by Schroeter ; but the most curious and complete representation i^the telescopic and na- 
tural appearances of the Moon, is to be seen on Russel's Lunar Qlobe. See also Sdenth 
grbphiOf by C. Blunt 

What is the number of peaks and mountains whose perpendicular elevation varies fiom 
a fourth of a mile to five mUds, and whose bases are from one to seventy miles in lenftfa) 
What i» Selenography ? Give an illustration to enable us to form some idea of Mxne of 
IhMe scenes. Which spots arc the mountainous renons, and which the plains? Do as* 
tionomera now suppose, as they did formerly, that there are large collections of water on 
the Moon's surmce? Are any of iier mountains and valleys visible to the riaked eye? 
How small a spot on the Moon's sur&oc can be seen by a telescope which magnifies IM 
Imea 7 How small an en litrhtened object can he seen by one which raacdSea 1000 tiBM? 
w'">tion any public edifices which are of nearly the same dimeosiuns. 
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iitf on the east side of the Moon, a little north ofher equator, 
nn extensive canal in another place, and fields of vegeta- 
(lon in another. 



SOLAR AND LUNAR ECLIPSES. 

Of all the phenomena of the hearens, there are none 
vkich engage the attention of mankind more than eclipses 
if the Sun and Moon ; and to those who are unacquainted 
mth astronomy, nothing appears more wonderful than the 
accuracy with which they can be predicted. In the early 
ijges of antiquity the^ were regarded as alarminpf devia- 
tions from the established laws of nature, presagmg great 
public calamities, and other tokens of the divine displeasure. 

In China, the prediction and observance of eclipses are made a matter of 
•tate policy, m order to operate upon the fears of the ignorant, and impose on ' 
Ihera a superstitious regard for the occult wisdom of their rulers. In Mexico, 
the natives fast and afflict themselves, during eclipses, under an apprehen- 
sion that the great spirit is in deep sufferance. Some of the northern tribes 
of Indians have imagined that the Moon had been wounded in a quarrel ; and 
others that she was about to be swallowed by a hiige fish. 

It wm by availinff himself of these superstitious notions, that Columbus, 
when shipwreclcca on the island of Jamaica, extricated^ himself and crew 
from a most embarrassing condition. Being driven to great distress for want 
of provisions, and the natives refusing him any assistance, when all hope seem- 
ed to be cut ofT, he bethought Itimself of their superstition in regard to 
eclipses. Having assembled the princifial men of the Island, he remonstrated 
gainst their inhumanity, as being offensive to the Great S|}irit ; and told them 
that a great plague was even ready to fall upon them, and as a toicen of it, they 
would that night see the Moon hide her face in anger, and put on a dreadfully 
dartc and theatening aspect This artifice liad the desired effect ; for the 
eclipse had no sooner begun, than the frightened, barbarians came running 
With all kinds of provisions, and throwing themselves at the feet of Columbus 
Implored his forgiveness.— it/mo^vvt, VoL J. B5 e, v, 2. 

An eclipse of. the Sun takes place, when the dark body 
of the Moon, passing directly between the Eartji and the 
Sun, intercepts his light. This can happen only at the in- 
stant of new Moon, or when the Moon is in conjunction ; for 
It is only then that she passes between us and the Sun. 

An eclipse of the Moon takes place when the dark body of 
the Earth, coming between her and the Sun, intercepts hii 
light, and throws a shadow on the Moon. This can happen 
only at the time of full Moon, or when the Moon is in oppo- 
sition ; for it is only then that the Earth is between ner 
and the Sun. 

As every planet belonging to the solar system, both prl- 

Row were eclipses legaided in tbe early ages of antiquity } To what funoee d» tha 
tiitr» qf China make their prediction and obaervance nibeervient 7 How do the 
nattveeef Mexico demean themkelves during an eelifaeJ Why do ffuy do tfUef 
What nottone have tome of the northern trih^a oflndiant entertained with regard 
to eclipae* of the Moon J Relate the anecdote qf Colianbtu esttricating hit ••tlfa.nd 
hi* eretofrqm dtttreet. by ava*'ing himself of the euferatitioiu notions * the nfl^ 
tivee of Jatmiea in regard to ecUrfee. Wliat nauaei ecupMs of thn Sun 1 "Wl t t causei 
fcJiiMes of Hm Moon ? 
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mary and secondary, derives its light from the S(tD, it muft 
east a shadow towards that part of the heavens which is op- 
posite to the Sun. This shadow is of course nothing but 
a privation of light in the space hid from the Sun by the 
opaque body, and will always be proportioned to the mag- 
nitude of the Sun and planet 

If the Sim and planet were both of ii\e same magnitude, 
the form ot (he shadow cast by the planet, vrould be that of 
a cylinder, and of the same diameter as the Sun or planet. 
If the planet were larger than the Sun, the shadow would 
continually diverge, and grow larger and larger ; but as the 
Sun is much larger than any of the planets, the shadows 
which they cast must converge to a point in « the form of a 
cone; the length of which will be proportional to the size 
and distance of the planet from the Sun. 

The magnitude of the Sun is sncft, that the shadow cast by each of the 
primary planets always converges to a point before it machos any ^thcr 
])lanet; so that not one of the' primary planets can eclip.i» auuther. The 
shadow of any planet which is acconipanied by satellites, nii^^ on ceftaio 
occasions, eclipse its satellites ; but it is not long enough to oclipfii^ any 
other body. The shadow of a satellite, or Moon, may also, on certai0Aotc«- 
lions, fall on the primary^, and eclipse it. 

When the Sun is at his greatest distance from the ^arth. 
and the Moon at her least distance, her shadow is suffiF, 
ciently'longto reach the Earth, and extend 19,000 mil^* 
beyond. When the Sun is at his least distance from'th^ 
Earth, and the Moon at her greatest, her shadow wi^ not 
.reach the Earth's surface by 20,000 miles. So that when 
the Sun and Moon are at their mean distances, the cone ol 
the Moon's shadow will terminate a little before it reaches 
the Earth's surface. 

In the former case, if a conjunction take place when the 
centre of the Moon comes in a direct line between the 
centres of the Sun and Earth, the dark shadow of (he Moon 
will fall centrally upon the Earth, and cover a circular area 
of 175 miles in diameter. To all places lying within thisidark 
spot, the Sun will be totally eclip^ecj, as illustrated by Fig. 13. 

In consequence of the Earth's motion during the eclipse, this circular area 
becomes a continued belt over the earth's surf&ce; being, at the broadest. 

In what direction does every planet of the solar system cast a shadow? What is this 
shadow, and to' what is it proportional I If the Sun and pianet were both of the same 
na«nitude, what would Ije the form of the shadow, and its dieter ? If the planet were 
larger than the Sun, what would be the form of the shadosr? But as the Suo is Itoueb 
larger than any of the planets, what must be the fbmi of tfi^ shadows, wid to what w« 
they proportional ? w?>y can no one qf the ' primary , planets eclipse another J Es» 
plain hoio, on certain occtuionst puymay eclipse their satellites^ and on others be 
aelipsid hp them. When the Sun a[,at his greatest distance from the Earth, and tfaa 
Moon at her least^t&nce, how far will her shadow extend } When the Sun is at his 
itOMt distaooe, and the iVIoon at her greaiest 7 When the Sun and Moon are both at tfaea 
msan distances ? In the fllit case, in what circumstances will the Moon's shadow nl 
':«ntta|br on the Earth, and wRst will be its figure and diameter 1 How will the Sttn a|> 
lU places lying within this dark spot? Describe the ^eetqfthaEurt/^eWMtliMU 
wUpse, upoA this circuUar ajfOi 
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SB uiiles wid& This belt fs, however, rarelj «o bruad, and oftuD dwindlM 
• in)*re nominal line, without total darlcnesa. • 

In March, this line extends itself from 8. W. to N. E., and in Bepterobwv 
from N. W. to S. E. In June, the central line is a curve, going first to th« 
N. E., and then to the 8. E.; in Decemberj on the contrary, first to the S. 
E., and then to the N. E. To all places within 2000 miles, at least, of th« 
central line, the eclipse will be, visible; and the nearer the place of obser> 
▼ation is to the line, the larger will be the eclipse. In winter, if the central 
trace be but a little northward of the equator, and in summer, if it be 2BP 
N. latitude, the eclipse will be visible all over the northern hemisphere. 
iLB a general rule, though liable to many modifications, we may observe^ 
that places from 200 to 250 miles from the central line, will be 11 dbrits 
•elipsed ; from thence to 60O mileS| IP digits ; and so on, diminishing one mgll 
Ji about 250 miles. 

ECLIPSES OF THE SUN. 
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If,<<Q either of tde other cases, a con- 
junction take place when the Moon's 
centre is directly between the centres 
ef the 'Sun and Earth, as before, the 
&foon will then be too distant to cover 
lh%jentire face of the Sun, and there 
wiiMe seen, all around her dark body, 
a slender ring of dazzling light. 

This may be illustrated by the adjoining fig- 
are. Suppose C D to represent a part of the 
Earth's oroit, and the Moon's shadow to termi- 
nate at the vertex V. The small space between, 
e /w4%i'epresent the breadth of th^ luminous' 
Tine wHich will be visible all arouna the daric 
body of the Moon. 

Such was the eclipse of February 12, 1831, 
Wtiich passed over the southern' states from 
B. W: to N. E. It was theH>nly annular eclipse 
ever visible in the United States. Along the 
path of this eclipse, the luminous ring remained 
perfect and unbroken for the space of two min- 
tttes. The next annular eclipse Which will be 
j^lble to any considerable portion of the Uni- ^. 
ted States, will take place Sept. 18th, 183a h- 

From the most elaborate calculations, compar* 
ed wRh a long series of observations, the length 
of the Moon's shadow, in eclipses, and her dis* 
tance from the Sun at the same time, vary with- ^ .*''*' 
In the. limits of the following table; ^ ^ 

- — J « ■■ ■■ 

In either of the other esses, the same dreumstanoes oeemrfng as before, what will be 
the appeamnoe of the Sun ? Whs does not the Moon, in thiMase, eanse a total ecllpseY 
When did the onty eelipu qftH&kind, ever vUible in tMSSKUed States, happen f mb 
long did the htmimnu Hng^^vone it» path, remain unbroken 7 Whenuna the neM » 
eeumlar eel^e§tVi9ibU m any eoneideratU portion qfthe United Statee, hgppenf 
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Length of shadow, 
Diat of Moon. 



Length of shadow in 
Semidiamoters. 



Length 
in miles. 



Distance in 
Semidiameters. 



DistaDGC 
ill miltt«. 



Least 

Mean 

Greatest 



67.760; 
69.730V3966- 



22a499 
232.328 
236,292 



55.902X3956- 
60 238X3956- 
6:5.862X3956- 



221, MB 
238,:!U0 
232,633 



Thus It appears that the length of the cone of the Moon's simdow, in 
eclipses, varies from 228,499 to 23d,292 miles ; being 7J93 miles longer in the 
me case, than in the other. The ineqaality of her distances from the Earth 
Is much greater; they vary from 221,148 to 252,638 miles, making a difierence 
of 31,490 miles. 

Although a central eclipse of the Sun can never be total 
to any spot on the Earth more than 175 miles broad; yet 
the space over which the Sun will be more or less partially 
eclipsed, is nearly 5000 miles broad. 

The section of the Moon's shadow, or her penumbra, at the Earth's sar* 
fiuse, ill eclipses, is far from being always circular. If the conjunction hap- 
pen when the centre of the Moon is a little above or a little beiote th^ line 
joining the centres of the Earth and Sun, as is most frequently the 'case, 
the shadow will be projected obliquely over the Earth's surface, and thus 
cover a much larger space. 

To produce a partial eclipse, it is not necessary that the shadow shou!t\reach 
the Earth ; it is sufficient that the apparent distance between the Ban and 
Moon be not greater than the sum ot their semidiameters. 

If the Moon performed her revolution in the same path in 
which the Sun appears to move ; in other words, if her orbit 
lay exactly in the plane of the Earth's orbit, the Sun would 
be eclipsed at the time of every new Moon, and the Moon 
at the time of every full. But one half of the Moon's^bit 
lies about 5^ on tne north side of the edi]$ic, and the other 
half as far on the south side of it ; and, consequently, the 
Moon's orbit only crosses the Earth's orbit in two opposite 
points, called the Moon's node?. 

When the Moon is in one of these points, or nearly so, at 
the time of new Moon, the Sun will be eclipsed. When 
she is in one of them, or nearly so, at the time of full Moon, 
the Moon yjill be eclipsed. jBut at all other new Moons, 
the Moon either passes above or below the Sun, as seen 
from the Earth; a^d, at all other full Moons, she either 
passes above orbe* jw the Earth's shadow ; and consequent- 
ly there can be no eclipse. 

-* 

What are the limitt between toMeh the Moon*g shadow varies in eelipeee 7 What 
4i the diffisrenee between these two limits 7 What are the limiis^her distances Jfi^om. 
tAe Earth7 What is the differ ence between them 7 Wliat is tlie greatest breadth of 
anv ■pot on the Earth's gurface, to which a central ecitiwe of the Sun can be total 1 Wliat 
■ Uic breadth of the sreatefft space overwhich the Sun can be more or less partially eclipsed! 
Mthe penumbra qfthe Moon at the Earth's surface in eclipses always cit eutar ? In 
what eircumstanees will the shadow be projected oblfqttety over the Earth's suffaos9 
Must the shadmo reach Vie Marth, to. produce a partial eclipse 7 What is the great' 
M apparent distance betie§mthe Sun and Motm, within which such a reswt wilt 
mce pta^T Why w not tlie 9Un eclipsed at the time of every new Moon, and the Mean 
^ ^f^iuH ' . In wiiat cimufflstancca will ao ecliine or the Sun, and In what an eofoiw 
•rtto moan, hapDenI 



If the Moon be exactly m one of her nodes at the time of 
her change, the Sun will be centrally eclipsed If she be 
IJ® from her node at the time of her change, the Sun will 
appear at the equator to be about 11 digits eclipsed. If 
she be 3^ from her node at the time of her change, the Sun 
will be 10 digits eclipsed, and so on ; a digit being the twelfth 
part of the Sun's diameter. But when the Moon is about 18** 
irom her node, she will just touch the outer edge of the Sun, 
at the lime of her change, without producing any eclipse. 
These are called the ecliptic limits. Between these limits, 
an eclipse is doubtful, and requires a more exact calcula- 
tion. 

The mean eelii)tic limit for the Sun is 16^° on each side of the node ; the 
mean ecltpiic limit for the Moon is 10|° on each side of the node. In ths 
former case, then, there are 33° about each node, malting, in all, 66° out of 
360°, in which eclipses of the Sun may happen : in the latter case, the^e 
are 21° about each node, matcing, in all, 42° out of 360° in which eclipses of 
the Moon usually occur. The proporiion of the solar, to the lunar eclipses, 
therefore, is as 66 to 42, or as 11 to 7. Yet, there are more visible eclipses 
of the Moon, at any given place, than of the Sun ; because a lunar eclipaie 
Is visible to a whole heiuispnere, a solar eclipse only to a small portion of it. 

The greatest possible duration of the annular appearance 
of a solar eclipse, is 12 minutes and 24 seconds ; and the 
greatest possible time during which the Sun can be totally 
eclipsed, to any part of the world, is 7 minutes and 58 
seconds. The Moon may continue totally eclipsed for om^ 
hour and three quarters. 

Eclipses of the ^un always bes^in on his western edge, 
and end on his-%qstprn ; but all eclipses of the Moon com- 
mence on her eastern- edge, and end on her western. 

If the Moon, at the time of her opposition, be exactly in her 
Dode, she will pass through the centre of the Earth's shadow, 
and be totally eclipsed. If, at the time of her opposition, 
she be within 6^ of her node,. she will still pass throu^h'the 
Earth's shadow, though not centrally, and be totally eclipsed: 
but if she^Mi 12^ from her node, she will only just ttfuch the 
Earth's shadow, and pass it without being eclipsed. 

The duration of lunar eclipses, therefore, depends upon the difference 
between the diameter of the Moon and that section of the Earth's stiadow 



In whatdrcuiDstanceB is the Sun centrally eclipsed? What is the ratio iwtweeri the 
Moon's diMtance from tier no<ie, and the number of digits that the Sun is eclipsed 7 What 
Are these limits called) Will there always be eclipses when the Moon is within these 
amits? What fs the ecliptic limit /or the Sun? What is it for the Moon? What 
nimiber (if degrees, then, are there about each node, and how many out ofd&y, in 
which yo'ar eclipsett can happen ? How many in which lunar eclipses usuaily hap- 
pen ? What then is the proportion <^the solar to the lunar eclipses ? Why then art 
there more ec'ipses of the Moon visible atony given place than of the Sun ? ^What 
b the grea^ef>t possiljte duration of the annular appearance of a solar ecii^ise? What is 
.tie greatest prissible tiuration of a total solar i^clipse to anv part of Uie world} Wliat is 
tl»e preatest duration of u total lunar ecii|)8e ? On which side of the 8un do soiareclipses 
ahvays beg-in, and on which do they end 1 On which side of the Moc»n do lunar ecliijsos 
always be^in, and on wiuch do thci' end) In whut circumstances ia the MiMjn totally 
eclip8<>d ) Beyond what distance from her node, if she be, will she only toiicii the Eal'tli's 
shade w. and n6t be eclipsed ) On what then does the duration of lunar eclipses 4epeitd§ 



■CUPBBS. 



Ihroagh whfch ifae paMfei. fWhen an eclipse of ibe Mooa is both total Mid 
Miitnl|\tu dontloo Is Um longest possible, sniountinf(#tearlj ^ 4 boim. 
bat the dunulon of all eclipses $ioi central vsMes with her distance frwa 
tiMiiode. 

£CLIP8EB OP TBS MOON. 

Fig. IS. 




Tbe diameter of the Earth's shadow, at the distance of 
the Moon, is nearly three times as large as the diameter of the 
Moon; and the length of the Earth's shadow is nearly four 
iknes as great as the distance of the Moon; exceeding it ic 
the same ratio that the diameter of the Earth does the diame 
ter of the Moon, which is as 3.663 to 1. 



The length of the Earth's shadow, and its diameter at 
the distance of the Moon, are sabject to the variations 
whtbited in the following table. 



Di^etAf 

of the 
shadow. 



Sod at the perigee 



8un at his mean distance 



Sua 9t the apogee 



IMooB at the apogee 

' Moon at her wean distance 

Moon at the perigee 

Moon at the apogee 

Moon at her mean distance 

Moon at the perigee 

SMoon at the eKVf ^ 
Moon at her niean^wtancel 
Moon at the pengjge 




6,232 

5.762 . 

6,292 S 

A270 i 

6,799 } 866,697 

6,339 S 

MOB J 

6,836 > 87i,ae 

6^366 ) 



The first colomn of figures expresses the diameter of the Earth's shadoit 
at the Moon : and aa the diameter of the Moon \s only 2162ini}es, it is evident 
that it can always be comprehended by the shadow, which is more than twice 
as broad as the disc of 'the Moon. 

The time which elapses hetween two successive chaAges 
oi (ne Moon is called a LuncUion^ which, at a mgan rate, is 



abouf ^j- days. If 12 luoar months were dMHy equal 
to the 12 solar months, the Moon's nodes would always 
occupy the "same points in the ecliptic, and all eclipses 
would happen in the same months of the year, as is the 
case with the transits of Mercury and Venus : hut, in 12 
lunations, or lunar months, there are only 354> days ; and 
in this time the Moon has passed througn hoth, her nodes, 

Jh tohat etreumttaneu 4§ the duration of tfui iumtr MUp»e the longett fotsWef 
What U the length of the g-reateei duration qf a lunar ecUpee 7 With tohat doee the 
Atrarlm qfeel'peee, not eenrrai, vary 7 What is the dinmeter of the Earth's shadow at 
tliaditCBneeof the Moon 7 What in tfie length of the Earth's shadow } What Is tbeif 
> to each other 7 Between lobat lincUa doeo the length tff the Earth's ehaiou, and 
teter at the dietatice qf the Moon , vary 7 %i'hat is the hrerOth qf the Batth*% 
nvaredtoiththatqfthedigeof-hfMoonJ Whatiaalciation? Howunun 
I iunatioD embrace i Wlty du not ail eclipset liappen in Jie Mine montlis at 




ECLIPSES. 2i\ 

but has not quite accomplished her revolution arrund the 
Sun : the consequence is, that the Mo^'s nodes fall hack 
m the ecliptic at th# rate of about IMp^ttnually ; so thai 
the eclipses happen sooner eyerv yearby about 19 days. 

As the Moon passes from one of her nodes to the other 
in 173 days, there is just this period between two succes* 
sive eclipses of the Sun, or of the Moon. In whatever time 
of the year, then, we have eclipses at either node, we may 
be sure that in 173 days afterwards, we shall have eclipses 
at the otjier node. 

As the Moon's aodes fall back, or retrograde in the ecliptic, at the rate of 
19j^° cver^ year, they will complete a baclcward revolution entirely around 
the ecliptic to th« same point again, in 18 years, 225 days ; in which time 
there would always be a regular period of eclipses, if any complete number 
of lunations were finished without a remainder. Uut this never htlppens ; 
Ibr if both the Sun and Moon should start from a line of conjunction with 
either of the nodes in any j)oint of the ecliptic, the Sun would perform 18 
annual revolutions and 22:^*^ of another, while the Moon would perform 
230 lunations, and 85° of another, before the node would come around to the 
same point of the ecliptic again : so tliat the Sun would then be 138° from the 
node, and the Moon 85° from the Sun. 

But after 223 lunations, or 18 years, 11 days,* 7 hours, 42 imnutes, and 31 
seconds, the Sun, Moon, and Earth, will return so nearly iu the same position 
with respect to each other, that there will be a regular return of the aam§ 
cclipseB/or matw age». This grand period was discovered by the Chaldeans, 
and by them called Saroa. If, therefore, to the mean time of any eclipse.' 
either of the Sun or Moon, we add the Chaldean period of 18 ygars and 11 
days, we shall have the return of the tame eclipse. This mode of predict- 
ing eclipses will hold ffood for a thousand years. In this period there aro 
usually 70 eclipses ; 41 of the Sun, and 29 of the Moon. 

The number of eclipses in any one year, cannot be less 
than two, nor more than seven. In the former case, they 
will both be of the Sun ; and in the latter, there will be fire 
of the Sun, and two of the Moon — those of the Moon will be 
total. There are sometimes six ; but the usual number is 
four: two of the Sun, and two of the Moon. 

The cause of this variety is thus accounted for. Although the Sun usually 
passes by both noiles onlv once in a year, he may pass the same node again 
% little before the end of the year. In consequence of the retrograde njfliion 

* If there are /our leap yean in thii interval, add 11 days ; but if there aA ^ve, add 
•oly tan days. 



How fkr do tlie Moon's nodes fall bacli in the ecliptic annually, aq^how much sooner 
do the eclipses bippen every year? In what time does tlie Moon ptis from one of her 
nodes to tho other ? What is the length of the time wfaidvelapRet between two successivB 
eciipBea of the Sun or the iVio<)n ? After there have been eclipses at one node, in what 
time may we be aure that there will be eclipses at the other 7 In what time do the Moon'e 
nodes complere a backward t evolution around the ecliptic 7 Why i$ there not alMoy* 
a regular period of eclipeef in this time 7 If the Sun and Moon should both start 
from a line qf eonjunctU.n with either node, how many revotutiorts loould the Sum 
lerformt and how many lunations the Moon, before the node would come around t9 
he same point again 7 After how many lunations will the Sun^ Moon, and Earthy 
etum so nearly to the same position with respect to each other, that there will ba 
* regular return of the same eclipses for many ages 7 What nation discovered thig 
grand period, and what did they eatl it 7 What is the mode qf predicting eclipset, 
with which this fact furnishes us 7 How many eclipses are there usually in thu pe- 
riod 7 What is the least, and what the neatest number of eclipses, in any one year 7 to 
theformercase, what eclipses will they be? What, in the latter! What is tho usual 
number of eclipses in the year, and what eclipses are they 1 Please explain the cause nf 
cMi variety. 

19* 



•f the Moon's notleii^ be will come 40 either of them 173 days aftur fta wm^ 
the other. lie niajr, theretbre, return to the same node in about 346 d&y*^ 
having tlius passed one ootle ttoicr and the otlier (mce^ making each time, at 
each, an eclipse of both the Sun and tlut Moon, of, tix in ail. And, sincit 1:^ 
lunations, or 304 days from the^irst eclipse in the beginning o( \\\e year 
leare room for another new Moon before the close of tiie year, and sior<^ 
Ibis new Moon may MI within the ecliptic bmit, it is possiole for the Siim 
to be ecbpsed again. Thus there may be Mven eclipses in the same year. 

Again: when the Moon changes in either of her nodes, she cannot come 
wlttiin the lunar ecliptic limit at the next full, (though if she be full in oa^ 
of her nodes, she uiay come into the »(Uar ecliptic Utuit at her next change,) 
and six months sAerwards, she wUl change near the other node; thus mak- 
ingonly two eclipses. 

The following is a list of all the solar eclipses that will be yisible in Bompe 
and America durins the remainder of the present century. To those which 
will be viable in New-England, the number of digits is annexed. 



Year. 


Month 


Day dc hour. 


Digits 


Year. 


Month Day and Hour. 


Digits 


1834, 


Nov. 


30 1 22 P. M. 


lOAo 


1869, 


Aug. 


7 5 21 A. M. 


Wk 


1836, 


May 


16 7 26 A. M. 


sl 


1870, 


Dec. 


22 6 A. M. 




1R3R, 


Sept. 
July 


18 3 27 P. M. 


11 


1873, 


May 


26 3 A. M. 




1841, 


18 10 A. M. 




1874, 


Oct. 


10 4 A. M. 




1842, 


July 


8 Mer. 


2|^A 


1876^ 


Sept 


29 6 66 A. M. 


% 


1844, 


Dec. 


9 3 46 P. M. 


1876, 


Mar. 


25 4 11 P. M. 


1846, 


May 


6 4 66 A. M. 


44 


1878, 


July 


29 4 66 P. M. 


7* 


1S46, 
1847^ 


Apr. 


25 11 15 A. M. 


6| 


1879, 


July 


19 2 A. N. 




Oct. 


9 1 A. M. 




1880, 


Dec. 


31 7 30 A. M. 


6| 


1848, 


Mar. 


6 7 50 A. M. 


H 


1882, 


May 


17 I A. M. 




1851, 


July 


28 7 48 A. M. 


3f 


1885, 


Mar. 


16 35 A. M. 


^ 


1854, 


May 


26 4 26 P. M. 


11 


1886, 


Aug. 


29 6 30 A. M. 


1858 


Mar. 


15 6 14 A. M. 


1 


1887, 


Aug. 


18 10 P. M. 


▼ 


1859 


July 


29 6 32 P. M. 


2 


1890^ 


June 


17 3 A. M. 




1860. 


July 


18 7 23 A. M. 


6 


I89I, 


June 


6 Mer. 




1861, 


Dec. 


31 7 30 A. M. 


4 


1892, 


Oct. 


20 19 P. M. 


8( 


1863, 


May 


17 1 OP. M. 




1895, 


Mar. 


96 4 U A. M. 




1666, 


Oct. 


19 9 10 A; M. 


3f 


1896, 


Aug. 


9 OMer. 




1866, 


Oct 


6 U 12 A. M 


0. 


1897, 


July 


29 9 8 A. M. 


4 


1867, 


Mar. 


6 3 A. M 




1899, 


June 


8 Mer. 




1866, 


Feb. 


23 10 A. M. 




1900, 


May 


28 8 9 A. M. 


11 



The eclipses of 1838, 1864, 1869, 1875, and 1900, will be very large. In 
of 1846, 1868, 1861, 1373, 1876, and 1880, the Sun unU rise eclipsed. 

In that of 1844, the Sun will set ecHftsed. Those of 1838, 18»1, and 1876^ will 
be annular. Ttie scholar can continue this table, or extend it backward^ 
bv adding or subtracting the Chaldean period of 18 years, U days, 7 faou^ 
M minutes, and 31 ser^mds. 



MARS. 

Mars is the first of the exterior planets, its orbit lying 
immediately without, or beyond, that of the Earth, while 
those of Mercury and Venus are within. 

Mars appears to the naked eye, of a fine ruddy com- 
plexion ; resembling, in colour, and apparent magnitude, 
the star Antares, or Aldebaran, near which it frequently 
passes. It exhibits its greatest brilliancy about the time 



Wbsjt Is the poirition of Man in the aolar »yttem 7 Deacribe its appeannce to tha na- 
ked aje. When doeiii exhibit its greatest brilliancy 1 



that It rises \^hen the Sun sets, and sets when the Sun 
nses; because it is then nearest the Earth. It is least 
brilliant when it rises and sets with the Sun ; for then it is 
five times farther removed from us than in the formei case. 
Its distance from the Earth at its nearest approach is about 
50 millions of miles. Its greatest distance irom us is about 
240 millions of miles. In the former case, it appears 
nearly 25 times larger than in the latter. When it rises 
before the Sun, it is our morning star ; when it sets aftei 
the Sun, it is our evening star. 

The distance of all the planets from the Earth, whether they be interior 
or exterior planets, varies within the limits of the diameters of their orbits ; 
for when a planet is in tiiat point of its orbit which is nearest the Eartti, it 
is evidently nearer by the whole diameter of its orbit, than when it is ia 
the onposite point, on the other side of its orbit.. The apparent diameter of 
the planet wiU also vary for the same reason, and to the same degree. 

Mars is sometimes seen in opposition to the Sun, and 
sometimes in superior conjunction with him ; sometimes 
gibbous, but never horned. In conjunction, it is never 
seen to pass over the Sun's disc, like Mercury and Venus. 
This proves mt only that its orbit is exterior xo the Earth's 
orbit, but that it is an opaque body, shining only by the re- 
flectiogipf the Sun. 

The' motion of Mars through the constellations of the 
zodiac i? but Jittle more than half as great as that of the 
Earth ; it being generally about 57 days in passing over 
one sign, which is at the rate of a little more than half a 
degree each day. I'hus, if we know what constellation 
Mars enters to day, we may conclude that two months hence 
it wilfbe in the next constellation ; four months hence, in the 
next ; six months, in the next, and so on. 

Mars performs his revolution around the Sun in 1 year 
and 10|- months, at the distance of 145 milliofis of miles; 
moving in its orbit at the mean rate of 55 thousand miles 
an hour. Its diurnal rotation on its axis is performed in 
24 hours, 39 minutes, and 2\\ seconds; which cQakes its 
day about 44 minutes longer than ours. 



Whir IB it mott brilliant at this time 7 What are its least and greatest distances flon 
n ? How much larger doe» it appear in the fbrmer case tlian in the latter 7 Within 
tohat limt'9 doea the dUtance qf all the planett from the Earth vary 7 With 
what doen the apparent diameter cf a piAnet vary 7 What moon-lilce {Hiases )xu 
Mara 7 What does tiie fiust, that it never assumes the crescent form at its conjunction, 
P'ove, in regard to its situation 7 How do w^ know it to be opaque 7 What is the rate 
of its motion through tlio constellations of tiM ifodiac, compared with that of the Earth} 
How long is it in passin|[ over one sign 7 At what rate per day is this 7 How. then, if we 
know in what constellation it is at any one time, may we determine in what oonstellatioo 
it wilt be nt any subsequent time? In wlnt time does it perfi/im its revo(utio|i around the 
Bun 7 What is its distance from the Sun 7 What is the mean rat<) of its motion qp its or- 
bit per hoiu- 7 In what time does it perform its revolution on its axis ? Wbati theiii is tht 
leosth of iu day, compared with that of the Earth 7 



lu mean sidereal revolutlo)^ Is performed tn ^.9796468 solai days ; or 
U C86 ilaya, 23 hour*, 30 minutee, 41.4 seconds. Its aynadieal revcimiuii is 

erformed in 779.936 eolar days ; or in 779 daja, 22 hoars, 27 minutes, and 
Mconds. 

[ts form is that of an oblate spheroid, whose polar diame- 
ter is to its equatorial, as 15 is to 16, nearly. Its mean 
i}iameter is 4223 miles. Its bulk, therefore, is 7 times less 
than that of the Earth ; and being 50 millions of miles 
farther from the Sun, it receives from him only half as much 
light and heat. 

The inclination of its axis to the plane of its orbit, is about 
28f °. Consequently, its seasons must be very similar to 
those of the Earth. Indeed, the analogy between Mars and 
the Earth is greater than the analogy between the Earth 
and any other planet of the solar system. Their diurnal 
motion, and of course the length of their days and nights, are 
nearly the same ; the obliquity of their ecliptics, on which 
the seasons. depend, are not very different; and, of all the 
superior planets, the distance of Mars from the Sun is by far 
the nearest to tnat of the Earth ; nor is the length of its 
year greatly different from ours, when compared with the 
years of Jupiter, Saturn, and Herschel. 

To a spectator on this planet, the Earth will appear Al- 
ternately, as a morning and evening star; and will exhibit 
all the phases of the Moon, just as Mercury and Venus do 
to us ; and sometimes, like them, will appear to pass over 
the Sun's disc like a dark round spot. Our Moon will never 
appear more than a quarter of a degree from the Earth, 
although her distance from it is 240,000 miles. If Mars 
be attended by a satellite, it is too small to be seen by the 
most powerful telescopes. 

When it is considered that Vesta, the smallest of the asteroids, which is 
once and a halj times the distance of Mars from us, and only 269 miles in 
diameter, is perceivable in the open space, and that without ihe prescuce of 
a more conspicuous body to point it out, we may reasonably conclude thai 
Mars is without a moon. 

The prosress of Mars in the heavens, and indeed of all the superior pla- 
nets, will, like Mercury and Venus, sometimes appear direct, sotnetiuma 
retrojErade, and Sometimes he will seem stationary. When a superior 
planet first becomes visible in the mornln<r, west of the Snn, a little after 
Its conjunction, its motion is direct, and also most rapid. When it is first 
seen eaet of tlie Sun, in the evening, soon ader its opposition, its motion m 
retrograde. Tliese retrograde movements and stations, as they appear to a 



Jn what time doee tt perform ite mean eidereal revolution 7 In what time, it* sy- 
nodical revolution ? What are its form and dimensions 7 What, then, is its bulk, com* 
pared witli the Earth's, and how much less liffht and heat does it receive from the Sun ? 
what is the inclination of its axis to the plane of its orbiti How are its seasons, oompa- 
led with those of the E<trth ) In what particularB is there a neater analogy between Man 
and tlic Earth, t|ian between the Earth and any other planet io the solar system 7 What 
must be tlie appearance oftim Earth to a spectator at Mars 7 What is the greatest dt*- 
teneefipm the Eai*Ji at which our Moon will appear to him to be? fVIv f»ay w roo' 
«MM»^ conclude that Mare hoe na eateUite J DeecriU tJf Trogrme ^Mare tkmiglk 



meUTor ftnm iha Euth, in mannoa la (It iha plun*, KvS duiiiHiMTM* 

tnA tniih or ihv CDperQlcan ayrieiii. 

The leiescopic phenomena of Mars afford peculiar in- 
terest 10 aslroDomers. They behold its disc diversified 
with numerous irregular and variable spots, and ornamented 
with zones and halts of varying brilliancy, that form, and 
disappear, by turoa. Zones of inleose brightness are to be 
seen in its polar regions, subject, however, to gradual 
changes. That of the southern pole is much the niosl bril- 
liant. Dr. Herschel supposes that they are produced by 
rhe reflection of the Sun's light from the fiozen regions, and 
that the melting of these masses of polar ice is the cause of 
Ihe variation in their magnitude ana appearance. 

He was Ihe more confirmed in these opinions by observ- 
ing, that after the exposure of the luminous zone about rhe 
north pole to a summer of eight months, it was considerably 
deereated, while that on the south pole, which had been in 
total darkness during eight months, had cooaldenibly in- 
created. 

He obseived, farther, that when this spot was most lu- 
minous, the disc of Mafi did not appear exactly round, and 
thai the brighl part of itj southern limb seemed to be swollen 
or arched out oeyond the proper culve. 

TELESCOPIC APPEABANCEa OF KARS. 





The extraordinary height and density of the atmosphere 
of Mars, are supposed to be the cause of Ihe lemarlcable 

redness of its light. 

It has been found by experiment, that wheD"a beam of 
vhite light passes through any colourless transparent me- 
dium; its cotoui inclines to red, in proportion to the density 
o{ the medium, and the space through which it ha« travelled. 
Thus the Sun, Moon, and stars, appear of a reddish colour 

■filK imJilvrHMn be uaniflUd fat 
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) . 

when near the horizon; and every luminous object, seen 
through a mist, is of a ruddy hue. 

This phenomenon may be thus explained :— The momentum of the reti 
or least refranffible rays, being greater than that of the violet, or most refraii* 
pihle rays, the former will malie their way through the resisting uicf buiii, 
'While the latter are either reflected or absorbed. The colour of the beam, 
■here fore, when it reaches the eye, must partake of the colour of the leant 
refrangible rays, and this colour must increase with the distance. Tli«> '^ut. 
.ight, therefore, by which Mars is illuminated, having to pass tieice throiigfa 
•'.s atmosphere before it reaches the Earth, must be deprived of a ^reat |iro> 
portion of its violet rays, and donsequently then be red. Dr. Brewster siap 
30SCS that the difference of colour among the other planets, and even tn^ 
^zed stars, is owing to the different heights and densities of their atino^ 
^*iere8. 



THE ASTEROIDS, OR TELESCOPIC PLANETS. 

AscENorNG higher in the solar system, we find, between 
the orbits ^Mars and Jupiter, a cluster of four small plan- 
ets, whWh present a variety of anomalies that distinguish 
them from all the older planets of the system. Their names 
are Vesta, Juno, Ceres, and Pallas, They were all dis- 
covered about the beginning of the present century. 

The dates of their discovery, and the names of their discoverers, are as 
follows : 

Ceres, January 1, 1801, by M. Piazzi, of Palermo. 
Pallas, March 28, 1802, by M. Olbers, of Bremen. 
Juno, September I, 1804, by M. Harding^ of Bremen. 
Vesta, March 29, 1807, by M. Olbers, of Bremen. 

The scientific Bode'*' entertained the opinion, that the plane- 
tavy distances, above Mercury, formed a geometrical series, 
each exterior orbit being double the distance of its next 
interior one, from the Sun ; a fact which obtains with re- 
markable exactness between Jupiter, Saturn, and Herschel. 
But this law seemed to be interrupted between Mars and 
Jupiter. Hence he inferred, that there was a planet want- 
ing in that interval ; which is now happily supplied by the 
discovery of the four star-form planets, occupying the very 
space wnere the unexplained vacancy presented a strong 
objection to his theory. 

* According to him, the distances of the planets may be expressed nearly as follows t 
the Earth's distance m»n the Sun beinf 10. 



Mercury 4 — 4 

Venus ^-3X1 - 7 

The Earth 4-|-3A2 - 10 

Mars 4+3X22 - 16 



Asteroids 4-f3X)2> - 2B 

Jupiter 4i-3X2» - 52 

Saturn 4- -3X2!* - 100 

Herschel 4- -3X25 - 196 



Comparing these values M-ith the actual mean distances of the planets mm the Sun, we 
cannot but remark Uie near a^oeement, and can scarcely hesitate to pronounce that 
the respective distances of the planets from the Sun. were assisned acooiding to a mwi 
aUhoufh we are entirely ignorant of the exact law, and of the reason f«t that law-— JBrlnfr 
lev'9 Elements, p. 89. 
* ■■ , . ■ ■ — -- - ■ ■ — — 

What new planets have been discovered within the nresent oentunr? Where; are they 
siUMted } IVhat are the datm<^ their discovery, and the names tff their discoverer** 
Wnir did Bode in&r that there was a planet vnaung between Man and Jupiten 
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These bodies are much smaller in size than the older 
planets— they all revolve at nearly the same distances 
from the Sun, and perform their revolutions in nearly the 
same periods, — their orbits are much more eccentric, and 
have a much greater inclination to the ecliptic, — and what 
is altogether singular, except in the case of comets — all cross 
each other; so that there is even a possibility that two of 
these bodies, may, some time, in the course of their revolu- 
tions, come into collision. 

The orbit of Vesta is so eccentric, that she is sometimes 
farther from the Sun than either Ceres, Pallas, or Juno, 
although her mean distance is many millions of miles less 
than theirs. The orbit of Vesta crosses thg orbits of all the 
other three, in two opposite points. 

Tilt student should here refer to the Figures, Plate I. of the Atlas, and vert- 
fy fuck of these particulars as are there represented. 'It would be well for 
the teacher to require him to observe particularly the pt^tififfi^^' their orbits, 
and to state their different decrees of inclination to thejplane of the ecUpiie. 

From these and other circumstances, many eminent as- 
tronomers are of opinion, that these four pianets are the 
fragments of a large celestial body which once revolved 
between Mars and Jupiter, and which burst asunder by 
some tremendous cpnvulsion, or some , external violence. 
The discovery of Ceres by Piazzi, on the first day of the 
present century, drew the attention of all the astronomers 
of the age to that region of the sky, and every inch of it 
was minutely, explored. The consequence was," that, in 
the year following, Dr. Olbers, of Bremen, announced 
to the Avorld the discovery of Pallais, situated not many 
degrees from Ceres, and very much resembling it Ir size. 

From this discovery. Dr. Olbers first coBce,iTed the idea 
that these bodies might be the fragments of a former world; 
and if so, that other portions of it might be found either in the 
same neighbourhood, or else, having diverged from the same 
point, "thejr ought to have two common points of reunion, or 
two nodes in opposite regions of the heavens through which * 
all the planetary fragments must sooner or later pass." 

OnvTof these nodes he found to be, in the constellation 
Virgo, and the opposite one, in the Whale ; and it is a re- 
maikable coincidence that it was in the neighbourhood of 

In what particulara do these new planets difler from the older planets ? How is it po»* 
sible that two of them should over come into oollisfon 7 How is it tint Vesta is sometimes 
fiirthor from the Bun than either Ceres. Pallas, or Juno, when her mean distance is maav 
millions of milefl less than theirs ? What is the position of her orbit with leganl to theff 
odiits 1 What tlieory in regard to the origin of these planets have some astronomers de- 
rived frjm these and some other ctrcumstanoes 7 who first conceived this idea ? How 
camA l.c to liavr; this idea 1 Where di<l he imagine other fragments migtit be foundl to 
«i hal ouiidL<;Uuti(Mis ilid be find tlicse nodes to Itc) 
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the (alter constellation that Mr. Harding discoTered the 
planet Juno. In order therefore to detect the remaining 
frafirments, if anv existed, Dr. Olbers examined, three times 
every year, all the small stars in Virgo, and the Whale; 
and It was actually in the constellation Virgo, that be dis* 
covered the planet Vesta. Some astronomers think it not 
onlikely that other fragments of a similar description may 
hereafter be discovered. Dr. Brewster attributes the fall 
3f meteoric stones to the smaller fragments of these bodies 
happening to come within the sphere of the Eaith's at- 
traction. 

Meteoric iitonea, or what are generally termed aeroUtet^ are atones wMeli 
aometimes fall from the iK)per regions of the atiiioephere, upon the Eartik 
The substance of wlifch they are composed, i.s lor tl>e most part, metallic; 
but the ore of which it consists Is not to be found in the aame conetitueni 
oroportions in any known substance upon the Earih. Their fall is general 
Jy preceded bv a luminous appearance, a hissing noise, and a loud ezplo* 
alon; and, when found immediately after their descent, they are always 
hot, and usua^y covered with a black crust, indicating a slate of exterior 
fusion. 

Their size varies from that of small fragments of inconsiderable weight, 
to that of the most ponderous masses. They have been found to weigh 
from 300 pounds to several tons ; and they have descended to the ISartlk 
with a force sufficient to bury them many feet under the surface. 

Some have supposed that they are projected from volcanoes in the 
Moon ; others, that they proceed from volcanoes on tlie Earth ; while others 
imagine that they are generated in the regions of ihe atmosphere ; but 
the truth, probablv, is not yet ascertained. " In souie instances, ttiese stones 
have penetrated through the roofs of houses, and proved destructive to the 
inhabitants. 

If we carefully compute the force uf gravity in the Moon, we shall §nd, 
Chat if a body were projected from her surface with a momentum that 
would cause it to move at the rate of 8,200 feet in the first secqpd of time, 
and in the direction of a Hnc joining the centres of the Earth and Moon, it 
would not fall again to the surface of the Moon ; but would become a sa- 
tellite to the E^arth. Such an impulse miglit, indeed, cause*it, even after 
many revolutions, to fall to the Earth. The falL therefore, of these stones, 
from the air, may be accounted for in this manner. 

Mr. Ilartc calculates, that even a velocity of 6000 feet in a second, would 
be sufficient to carry a body projected from the surface of the Moon heyond 
the power of her attraction. If so, a projectile force three tiroes greater 
than that of a cannon, would carry a body from the Moon beyond the point 
of equal attraction, and cause it to reach the Earth. A force equal to thia 
It often exerted by our volcanoes, and by subterranean steam. Hence, 
there is no impossibility in the supposition of their coming from the Mooo ; 
hut yet I think the theory of aerial consolidation the more plauaible. 

Vesta appears, however, like a star of the 5th or 6th 
magnitude, shining with a pure steady radiance^ and is the 
only one of the asteroids which can be disceraed by the 
naked eye. 

Where were Juno and Vesta actually firand ? How did Or. Olben discover Vesta f 1% 
what does.Lr. Brewster attribute the rail of meteoric stones 7 What U tnmnt iy tte 
etpmHon, meteoric etonee 7 Qftohat ntbetance are they computed 7 7fi what r^ 
tpect do they differ from any metaUic eubetancee taunm on4hA Earth 7 What 4nd^ 
tatloM generaJly precede their fall 7 In uhat etate are they finmd to he ^fler CM^ 
deteent 1 What i» their magnitude 7 What theariet have oeen adopted to a et » wi a 
M thairorigin 7 StfUain how U i» not impooeWe that theymay cmii/lnmVia 
mtan. Describe the aitpMranoeo^ Vesta. 
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JCNO, the next ptanel m order a^er Vesla, reVDlre* 
aiound the Sua io 4 years, 4J- months, at the mean distance 
of 264 millions uf miles, moving in her orbit at the rale of 
41 thousaad miles an hour. HVi diameter is estimated at 
1393 miles. This would make hermegniiude I83times less 
than the Earth's. The light and heat which she receives 
from the Sun is seven times less ihaa (hat received by tlM 
Earth. 

The eccentricity of her orbit is so great, that her great- 
est distance from the Sun is nearly double her least distance) 
90 Ihat, when she is in ber perihelion, she is nearer the Sua 
by 130 millions of miles, than wbijn she is in her aphelion. 
This great eccentricity has -a corresponding effect upon 
her rate of motion; for being so much nearer, and there- 
fore so much more powerfully attracted by the Sun at one 
lime than at another, she moves through that half of hei 
orbit which is nearest the Sun, in one half of the time thai 
she occupies in completing the other half. 

According Io Schmeler, the dUmeter ot Juno ti 14SS mUei ; ind dii li 
etaied]' owing In CI 



a.'S 



Ceres, the planet next in order after Juno, revolves about 
the Sun in 4 years, 7^ months, at the mean distance of 263j- 
millions of miles, moving in her orbit at the rate of 41 
thousaDd*miles an hour. Herjliameter is estimated at 1582 
miles, which inakes her magnitude 125 limes less than the 
Earth's; The intensity of the light and heat which she re- 
ceives from I he Suq, is about 7^ times less than that of those 
received by the Earth. 

Ceres shines with a niddy colour, and appears to be only 
about the size of a starof the 8th magnitude. Consequent- 
ly she is never seen by the naked eye. She is surrounded 
by a species of cloBdy or nebulous light, which gives her 
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somewhat the appearance of a comet, forming, according t«> 
Schroeter, an atmosphere 675 miles in height. 

Ceres, r9 has been said, was the fir^st discovered of the asteroids. Al 
her discovery, astronomers con^rat alar ed theoiselves upon the harmonj of 
the system being restored. They had long wanted a planet to fi]l np the 
er^at void between Mars and Jnpiter, in' order to tnalce the system ccunplete 
in their own ey«^8 ; but the successive discoveries of Pallas and Juiio acain 
introduced confusion, and presented a difficulty which they were unabfo to 
solve, till Dr. Olbers sujcgcsted the idea tliat these small anomalous budiea 
were merely the frai^meiits of a larger planet which had been exploded by 
•ouie migbty convulsion. Among tiie most able and decided advocates of 
this hypothesis, is Dr. Brewster, of Edinburgh. 

Pallas, the next planet in order after Ceres, performs her 
revolution around the Sun in 4 years, 7^ months, at the 
mean distance of 264 millions of miles, moving in her orbit 
at the rate of 41 thousand miles an hour. Her diameter 
is estimated at 2025 miles, which is but little less than thai 
of our Aloon. It is a singular and very remarkable pheno- 
menon in the solar system, that two planets, (Ceres and 
Pallas,) nearly of the same size, should be situated at equal 
distances from the Sui^, revolve about him in the same 
period, and in orbits that intersect each other. The dif- 
ference in the respective distances of Ceres and Pallas is 
less than a million of miles. The difference in their side* 
real revolutions, according to some astronomers, is but a 
single day ! 

The calculation of the latitude and longitude of the asteroids, is a labout 
of extreme difficultjr, requiring more than 4D0 equations to reduce their 
anomalous perturbations to the true place. This arises from the want of 
auxiliary tables, and from the ftust that the elements of the star^ftrm planets, 
are very imperfectly determined. Whether any of the aateroiaa has a x» 
tadoo on its axis, remains to be ascertained. 



JUPITER. 

Jupiter is the largest of all the planets belonging to the 
solar system. It may be readily distinguished from the 
fixed stars, by its peculiar splendour and magnitude ; ap 
pearing to the naked eye almost as resplendent as Venus, 
although it is more than seven times her distanc^||^m th« 
Sun. 

How hiirh, sccordin? to Schroeter, is the atmosphere formed by this nebulous Urhtl 
Why did astronomers cpngratulafe thmndves at the discovery (if this planet 7 What 
cgain introduced conjktsion and difficulty into their system 7 lieto were they at 
lenfth enabled to solve the difficulty J What planet is the next in order after Cerea } 
In wliat time does she complete her revolution around the Sun 7 Wluit is bcr mean dis- 
tance from him 7 "What is the rate of het- motion in her orbit per hour ? What is her dt- 
ameter 7 How great v it compared with the dinnifler of the Moon 1 What is the dj0e^ 
rnce lx>tween tiie roftpectivi> distances ofCrrrs and Pnllas from the Pun 1 What h Uie 
diflervncc bet>v(>en the times of their sidereal revolutions ? Wfw is the caicu^ation 4ifth€ 
httitud^ attd longirude t^fthe asteroids o lahmtr vf extreme difficulty 7 Have any f^f 
0le asteroids rotations on their axes 7 Which is the Inrpest plar-et or the solar sr*ten. I 
HVMr may Jupiter be readily dist<'nguifihMl Gx>m tlie fixed stars T How muub tartmi ii l» 
l|ili Ihe eon than Vsnui ) 
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When his ngfit ascension is less than that of the SuQ; he 
IS our- moraing star, and appears in the eastern hemi- 
sphere hefore the Sun rises; when greater, he is oar 
eveuiug star, and lingers in the western hemisphere after 
the Sun sets. 

Nothing can he easier than to trace Jupiter amons^ the 
constellations of the zodiac ; for in whatever constellation 
he is seen to-day, one year hence he will be seen equally 
advanced in the nej:t constellation ; two years hence, in the 
next ; three years hence, in the next, and so on ; beine 
just a year, at a mean rate, in passing over one consteK 
lation. 

The exact mean motion of Jupiter in its orbit, is about ono twelfth of f 
d^^ee in a day ; which amounts to only 30*^ 2(K 32^' in a year. 

For 12 years to come, he will, at a mean rate, pass 
through the constellations of the zodiac, as follows : 



1834 


Aries. 


1838 


Leo. 


1842 


Sagittarius. 


1835 


Taurus. 


1839 


Virgo. 


1843 


Capricornus. 


1836 


Gemini. 


1840 


Libra. 


1844 


Aquarius. 


1837 


Cancer. 


1841 


Scorpio. 


1845 


Pisces. 



Jupiter is the next planet in the solar system above the 
asteroids, and performs his annual revolution around the 
Sun in nearly 12 of our years, at the mean distance of 495 
millions of miles ; moving in his orbit at the rate of 30,000 
miles an hour. 

The exact period of Jupiter's sidereal revolution is 11 years, 10 months, 
17 days, H.honrs, 21 minutes, 26i seconds. His exact mean distance from 
the Sun is 495,533,837 miles; consequently, the exact rate of his motion in 
bis orbit, is 29,943 miles per hour. 

He revolves on an axis, which is perpendicular to the 
plane of his orbit, in 9 hours, 55 minutes, and 50 seconds ; 
so that his year contains 10,471 days and nights^ each 
about 5 hours long. 

His form is that of an oblate spheroid, whose polar diame 
ter is to its equatorial, as 13 to 14. He is therefore consid- 
erably more flattened at the poles, than any of the othei 
planets, except Saturn. This is caused by his rapid rotation 
on hift axis ; for it is a universal law that the equatorial 
parts of every body, revolving on an axis, will be swollen 

In ^liat case is he our mominsstar, and in what our eveninir? How may he be traced 
amone the constellations of tie zodiac 1 In what constellation will he be, each year, for 
twelve j-eara to comeT What is faJa pmition in the solar systein 1 Wiiat is his mean dis* 
tance fmm the Sun 7 What is the rate per hour of his motictn in his orbit 7 What U ths 
exact perioi of hi* tidereal revolution 1 What U hi$ exact mean distance from the 
fSun 1 Whax the exact rate per hour cfhia motion in hie orbit 7 What is the posi- 
tlun of his axis witli re«pect to the plane of his orbit ^ How many days and njtfiits does 
his year (y>ntain ) How lon^ are they, each 1 What is bis form 1 What is the ratio be* 
tween iiis polar and equatunal diameters 1 What is the cause of his being more fluttenud 
tX the polos than any of the other planets 1 
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oat, in proportion to the density of the body, and therapidi* 
ty of its motion. 

Ttie difference between the polar and equatorial diameters ,dUMlCff 
exceeds 6000 miles. The dilTerence between the polar and eqSPpH ifi- 
ameters of the Earth, is only 26 miles. Jupiter, e^eo on the mo^mrelesa 
view through a good telescope, appears to be oval ; the longer diannetcr 
being parallel to the direction of his belts, which are also parallel to the ecliptic. 

By this rapid whirl on his axis, hisequatorialinhabitaots 
are carried around at the rate of 26,554 miles an hoar ; 
which is 1600 miles farther than the equatorial inhabitants 
of the Earth are carried, by its diurnal motion, in twenty- 
four hours. 

The true mean diameter of Jupiter is 86,255 miles ; which 
is, nearly 11 times greater than the Earth's. His volume 
is therefore about thirteen hundred miles larger than tirat 
of the Earth. (Compare Aw magnitude with that of the 
Earth, Plate i.) On account of his great distance from 
the Sun, the degree of light and heat which he receives 
from it, is 27 times' less Jthan that received by the Earth. 

When Jupiter is in conjunction, he rises, sets, and comes to the meridiaa 
with the Sun ; but is never observed to make a transit, or pass over tha 
Bun's disc; when in opposition, he rises when tlie Sun sets, sets when the 
Ban rises, and comes to the meridian at midnight, which never happens fai 
the case of an interior planet. This proves th^ Jupiter revolves in an orbit 
which is exterior to that of the Earth. 

As the variety in the seasons of a planet, and in the length 
of its days and nights, depends upon the inclination of its axis 
to the plane of its orbit, and as the axis of Jupiter has no 
mclination, there can be no difference in his seasons, on 
the same parallels of latitude, nor any variation in . the 
length of his days and nights. It is not to be understood, 
however, that one uniform season prevails from his equator 
to his poles ; but that the same parallels of latitude on each 
side of his equator, uniformly enjoy the same season, what- 
epfer season it may be. 

About his equatorial regions there is perpetual snmmer ; 
and at his poles everlasting winter ; but yet equafaay and 
e^ual night at each. This arrangement seems to have been 
kmdly ordered by the beneficent Creator ; for had his axis 
been inclined to his orbit, like that of the Earth, his polar 
winters would have been alternately a dreadful night* of 
9ix years darkness. , :* 

What i» the difference between hie volar and eguatorial dfametere? WJuU doe$ 
kit form appear to be, through a good teteseppe? What ie the direetlen of Mi 
longer diameter 7 At what rate per nour are his equatorial inhabitants carried bv his 
motion on his axis 7 How much fnrther is this than the equatorial inliabitants of the 
F'Brthare earned in S4 Iioura' What is Juoiter's true mean diameter? How mudi 
greater is it than tlie Earth's ? What is his volume, compared with the Earth's 1 Wlnt 
IS the <iogree of lisht and heat wliicli he receives from the sun, compared with that re- 
eeived by the Bartii ? How do loe know that Supiter'e orbit ie exterior to that d^ the 
JSfi^? What is the armn^'ment of Jupiter's sensons, and of his days and nights) 
fl^bBi* axis been inclined to the plane of iiis orbit, liJie that of our Earth, b^w long wottU 
U8 pobf niffbu have been > 
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TBLESOOPIC APPEAR ANCEd OF JUPITER. 

Fig. 17. 





Jupiter when viewed through a telescope, appears to be 
surrounded by a numhBS^ of luminous zones, usually termed 
belts, that frequently extend quite around him. These belts 
are parallel 'not only^to each other, but, in general, to his 
eqiimor, which is also nearly parallel to the ecliptic. They 
at^' subject, however, to considerable variation, hojfti in 
breadth and number. Sometimes eight have been seen at 
once; sometimes only one, but more usually three. Dr. 
Herschel once perceived his whole disc covered with small 
belts. . 

Sometimes these belts continue for months at a tim^ with 
little or no variation, and sometimes a new belt has been seeu 
CO form in a few hours. Sometimes they are interrupted in 
their length ; and at other times, they appear to spread in 
width, and run into each other, until their breadth exceeds 
5,000 miles. 

Bright and dark spots are also frequently to be seen m 
the belts, which usually disappear with the belts themselves, 
though not always, for Cassini observed that one occupied 
the same position more than 40 years. Of the raiise oi 
these variable appearances, but little is known. They are 
generajJir supposed to be nothing more than atmospherical 
pkenomenaj resulting from, or combined with, the rapid mo- 
tion of the planet upon its axis. . 

Different opinions havd been entertained by astronomers respecting the 
cause of these belts and spots. By some they have been regarded as clouds, 
or as openings in the atmosphere of the planet, while others imagine that 
they are of a more permanent nature, and are the marks of great physical 
revolutions, which are perpetually agitating and .changing the surface of 
the planet The first or these opinions sufficiently explains the variations 
;n the form and magnitude of the spotSy and the paraUeHam of the beltflh 
The spot first observed by Cassini, in 1666, which has both disappeared 
and re-appeared in the same form and position for the space of 43 years, 
could not possibly be occasioned by any atmospherical variations, but seems 
evidently to be connected with the surface of the planet. The form of the 
■ '■III I ■ < 

Describe Jupiter's appearance, as sc&ii throuirh a telescope. What is supposed to be 
te eause of these phenomena ? ReUUe wrm of the d^erent n^lnUnu oMertaiOed iy 
tttronomen on thi» n^ect, 

20* 
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belt, according to some astronomers, may b« accoanted ibr by sappqflteg 
that the atmoaphere reflects ajor« light than the body of the planet, and 
that the clouds which float in it, being thrown into parallel strata by the 
rapidity of its diurnal motion, form regular interatictta^ through which are 
seen ils opaque body, or any of the permanent spots which may come within 
ihe range of the opening. 

Jupiter is also attended by four satellites or moons, some 
of which are visible to him every hour of the night; exhib- 
iting, on a small scale and in short periods, most of the phe> 
nomena of the solar system. When viewed through a tele- 
scope, these satellites present a most interesting and beatH 
tiful appearance. The first satellite, or that nearest the 
planet, is 259,000 miles distant from its centre, and revolves 
around it in 42} hours ; and appears, at the surface of Jup'- 
ter, four times larger than our Moon does to us. His second 
satellite, being both smaller and farther distant, appears 
about the size of ours; the third, somewhat less; and the 
fourth, which is more than a million of'miles from him, and 
takes 161 days to revolve around him, appears only about one 
third the diameter of our Moon. 

' These satellites suffer frequent eclipses from passing 
tl^rough Jupiter's shadow, in the same mann^^r as our Mood 
is i^clipsed in passing through the Earth's shadow. The 
three nearest satellites fall into his shadow, and are eclips- 
ed, in every revolution; but the orbit of the. fourth is so 
much inclined, that it passes by its opposition to him, two 
years in six, without falling into his shadow. By means oi 
these eclipses, astronomers have not only discovered that 
light is 8 minutes and 13 seconds in coming to us from the 
Sun, but are also enabled to determine the longitude of pla- 
ces on the Earth with greater facility and exactness than 
by any other methods yet known. 

It was long since found, by the most careful observations, that when the 
Earth is in that part of her orbit which is nearest to Jupiter, the eclipses 
appear to happen 8' 13^' aooner than the tables predict; and when in 
that part of her orbit which is farthest from him, 8' 13^' later than the 
tables preflict ; making a total difference in time, of 16' 26'^ From the 
mean of 60lX) eclipses observed by Delambre, Ihis disagreement between 
ohaervaticn and cakulatioiiy was satisfactorily settled at 8' 13", while both 
were considered equally correct. Now when the eclipses happ«»n aooner 
than the tables, Jupiter is at his nearest approach fl^ the Earth — when later, 
at his greatest distance ; so that the difference in his distances from tho 
Eartir, \n the two cases, is the whole diameter of the Earth* a orbits or about 
100 uiillioDS of miles. Hence, it is concluded that light ia not inatantan^ 

How many satellites has Jupiter? How often are they visible to him ? "What is tfas 
distance from him of >iis first or nearest satellite ? What is the time of its revolution 1 
What is its apparent magnitude at the surface of Jupiter, compared with the magnitude 
of tne Moon, as seen oy us? What ore the apparent matrnitudes of his other suteUitcs, 
as seen at his surface, compared with that of the Moon as seen at the Earth ? What is 
tlie flistanne of his fourth satellite from bim ? What is the time of its revolution 7 How 
(Kfb>n are his three nearest satellites eclipseu? How oflen his fourth? Why is it not 
eclipsed as oflen as the others ? What imporcnt purposes have these edipses servsq to 
utmodheis? Suae tftfi method by which the progreaaive motion of lightt and IM 
*^^^«0WcA it aeeupiea in coming to uafroiA the Sun, tpere dtaeovered. 
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. __ bat that it oeeoples 16^ 26'' in passiiu aeroBs the Bartli'a orbit, or 8^ 19^ 
in coming from the Sun to the Earth ; being nearly 12 millions of miles a 
ninute. 

The revolutions of the satellites about Jupiter are pre- 
cisely similar to the revolutions of the planets about the 
Sun. In this respect they are an epitome of the solar svs' 
tem« exhibiting, on a smaller scale, the various changes tnat 
take place among the planetary worlds. 

Jupiter, when seen from his nearest satellite, appears a 
thotAsand times larger than our Moon does to us, exhibiting 
on a scale of inconceivable magnificence, the varying forms 
of a crescent, a half moon, a gibbous phase, and a full moon, 
every 42 hours. '^ 

The apparent diameters of Jupiter's satellites, their mean distances ironi 
him, and their periodical revolutions, are exhibited in the following table. 



aatellites. 


R'evQhition. 


App. 
Diam. 


Mean Disc 


First, 
Second, 
Third, 
Fourth, 


Id. ISh. 28m. 
3 13 U 
7 3 43 
16 16 32 


1. 667 
1. 189 
1. 050 
0. 560 


. 259,(HX) 

414,000 

647,000 

1,164,000 
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Saturn is situated between the orbits of Jupiter and Her- 
sehel, and is the most remote planet from the Earth of any 
that are visible to the naked eye. It may be easily distin- 

Euished from the fixed stars by its pale, feeble, and steady 
ght. It resembles the star Fomalhaut, both in colour and 
size, differing from It oqly in the steadiness and uniformity 
of its light. 

From the slowness of its motion in its orbit, the pupil, 
thrQughout the period of his whole life, may trace its appa- 
rent course among the stars, without any danger of mistake. 
Having once found when it enters a particular constella- 
tion, he may easily remember where he is to look for it in 
any subsequent year ; because, at a mean rate, it is just 2j 
years in passing over a single sign or constellation. 

Saturn's mean daily motion among the stars is only about 
2', the thirtieth pari of a degree. 

Saturn entered the constellation Virgo about the beginning of 1833, and 
continued in it until the middle of the year 1835^ when he passed into li- 

la wliat respect are Jupiter** satellites an epitome of the solar system 7 What is Jiipi« 
tor's appearance, as seen Stom his nearest satellite 7 WMt are the diametera, mean du- 
tancea, and tinue^ the revolution of hUaateUUee J Wliere. in the solar system, is 
Saturn situated 7 How may it be distinguished from the fijred stars 7 w hat star does it 
Ksemble 7 In what respects is it like it, and in what is it difierent from it 7 How may his 
riaee among Uie stars he readily found 7 Wb^t is about the mte of his mean daily mo- 
tk» among the stars 7 When did Saturn enter the conMeUation Virgo, and how long 
HdheeonHnueinU? What eonetMation did he eniernest, andhowUmt^wiuMs 
cmuinu4initi 



on. R« win conUrBs la [hu vHiitcltilSDD udID 1838 ; uiit ao do ; ottw 
BjiDg nboul St JiMn in (ncb HnlMsUaUon, or dhtI; 30 jEnn to one rem 

The mean distance of Satuni from the Sun is aeaxlj 
double that of Jupiier, being aboai 909 millions of miles. 
His diameter is about S3, 000 miles ; bis volume iberefoK 
, is eleven hundred timet greater than the Earth's. Moving 
in his orbit at the rate of 22,000 milea an hour, he requires 
29^ years to complete hia <urcuit around the Sun : but bia 
diurnal rotation on his axis is accomplished in 104- hours. 
His year, therefore, is nearly thirty times as long as our^ 
while hia day is shorter by more than one half. His yeai 
contains about 25,150 of its own days, which are equal to 
10j759 of our days. 

The surface of Saturn, like thai of Jupiter, is diversified 
with belts and dark spots. Dr. Herschel sometimes per- 
ceived five belts on hm surface ; three of which were dark 
and two bright. The dark belts 4) a ve a yellowish tinge, and 
generally cover a broader zone of the planet than those of 
Jupiter, 

To the inbabilau'ts of Saturn, the Sun appears 90 limei 
Ies» thau he appears to the Earth) and they receive from 
him only one ninetieth part as much light and heat. But 
it is computed that even the ninetieth part of the Sun's li^hl 
exceeds lae illuminating power of 3,000 full moons, which 
would be abundantly sufficient for all the purposes of lifo. 
VXK. IB. 

le telescopic appearance 
ilum'is unparafleled. It 
ta more interesting than 
er, with all his moons 
Mils. That which emi- 
y distinguishes this 
it from every other in 
yatem, is a magnificerit 

perpetual 11 



light of ilie ring la 
brilliant than the pla- 



OtltnglirafhUsmrJ Wtal 5 li diHma from a* Sua 1 How mucluiFfto u«ta 
UHsJniiiler'idLrtinaB) What b fail ilianKler I How nuch phUt u hu volumt Biu 

SloftbsEsrthl WhatbUBraiepwhourofhitmoOmiinhuiiitMlI InwhMo™** 
diunial iDolioa on hia un pnCiiiiiHl ) How mn7 uThia own daridDH ha jxain*- 
tu.andbowiMnTafninl wbatli Iheappeaiaoteofhta aiMiwtoM? Hyayar 
S*Ba»p.ar»oU»iiiCwiaiilaof«aIiinilli»iileaal » tal dfjBW of Hat* anJheat 
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net Itself. It turns aroand its centre of niotiod in the same 
cinie that Satuiti turns on it«« axis. When viewed with a 

good telescope, it is found to consist of two concentric rings, 
ivided bv a dark band. 

By the laws of mechanics, it fa Impossible that the body of tiie riiifrs 
should retain its position by the adliesion of the particles alone ; it must no< 
cessarily revolve with a velocity that will ftenerate centrifugal force sufii' 
cient to balance the attraction of Saturn. Observation confirms the truth 
of those principles, showing that the rings rotate about the planet in 10^ 
hours, which is considerably le<3s than the time a satellite would take to re- 
volve about it at the same distance. Their plane is inclined to the ecliptic 
In an angle of 31^. In consequence of this obliquity of poskion, they at 
ways appear elliptical to us, but with an eccentricity so variable as to ap- 
pear, o<*ca8ionally, like a straight line drawn across the planet ; in whlcn 
ease they are visible only by the dd of superior instruments. Such was 
their position in April, 1833 ; for the Sun was then passing from their south 
10 their north side. The rings intersect the ecliptic in two opposite pointi^ 

Saturn's rings. 

Fig. 19. 






Why thould we judge, prevlotu to ohiervatiant that ihete ringt mtut reveiM 
wound Mm 7 Doea ohurvation cof^firm thU opinion 7 In tohat time do the ringo 
revolve about the planet ? U thU a greater or leee tUne than a eatetlite at the utme clf#> 
taneetoould require to renolve about it J Why do the rings alwaye ajppear eUiptioat 
toue7 To what extent doe» the eeeentrieUu qfthe tinge vary f What ia the poH' 
Hm qfthe ringe with regard to the ectiptie 1 
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which may be called their nodes. ThesA points are \a lon^ritade 17^, and 
HuO (icarreen. Wlien, therefore, Saturn is m either of these points, his riiiM 
«riU be invisible to us. On ilte oootrary, when his lon^tudo is SO^', or ^Ar*, 
the rings may be seen to the greatest aUvantaj^e. As the edges of the rin^ 
will present tiieiiiselvcs to the Sun twice in each revolution of the planet, it M 
obvious that the disappearance of thein will occur once in about IS yean ; 
subject, however, to the variation dependent on the position of the Barth aft 
that time. 

The preceding; diagrams are a very good representation of the form and 
position of tlie rmgs as they appear to a spectator during one complete revolu- 
tion of Saturn through ihe signs of the ei*.liptic. 

By reference to^ the figure, it will be seen, tliac when Saturn is in either of 
the first six sizns, the Sun shines on the »outh aide of the rings ; and that 
while lie is in either of the last six signa, upon their north aide. 

Ttie following are the dates during tne ensuins revolutions of the plane^ 
when its mean keliocentrie longitude is such that the rings will (if the Earth 
be favourably situated) either be invisible, or seen to the greatest advan- 
tage. 



1833 April. 
1838 July. 
1847 Dec. 
1855 April 
1863 Nov. 



25= of Virgo. 
20° of Scorpio. 
TfP of Aquarius. 
209 of Gemini, 
aoo of Virgo. 



Invisible. 

North side iUaminated. 

Invisible. 

South side illuminated. 

Invisible. 



The distanr.rj between Saturn and his inner ring, is only 
21,000 miles ; being less than a tenth part of the distance of 
our Moon froui the Earth. The breadth of th.e dark band, 
or the interval between the rings, is hardly .3,000 miles.-^ 
The breadth of the inner ring is 20,000 miles. Being only 
about the same distance from Saturn, it will present to his 
inhabitants a luminous zone, arching the whole concave 
vault from one hemisphere to the other with a broad girdle 
of light. 

The most obvious use of this double ring is, to reflect 
light upon the planet in the absence of the Sun ; what other 
purposes it may be intended to subserve, is to us unknown. 
The sun, as has been shown, illuminates one side of it during 
15 years, or one half of the period of the planet's revolution ; 
ana, during the next 15 years, the other side is enlightened 
in its turn. 

Twice in the course of 30 years, there is a short interval 
of time whp*i neither side is enlightened, and when, of course 
it ceases to be visible ; — namely, at the time when the Sun 
ceases to shine on one side, and is about to shine on the 



What i» Ihe Umzitude qftheaenodaJ In tehat petition qf Saturn, then, ftriU tht 
rinfa be inviaible to iir, and in what poaition wiU they be aeen to thebeal advantage f 
How (Hften toiU the diaappearanee qf the ringa occur 7 Explain thla. In what etgna 
wiU the planet betehen ttte Sun ahtnea on the aoath aide of the ringa. and tnwhat «» the 
norrA aide ? Wiiat is the distance Ijetween Saturn and his inner mg? How gniet ii 
aiis, compared with tlie distance of our Moon from the Earth) What n the dntaSee b^ 
tWQcn the two rinn I What ]» tlie brea.ith of tlie inner rinc ? W|at must be its appeal- 

Sat aaturo? what is ttw moot obvious use of thi« double ring 7 How long a tjoM 
the Sttn enii^ten each side of it alternately ) How often, and hi what *imiw1in- 
ii neither side enlightened, and the ling, of coarse, invisible I 
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Other.* It revolves around its axis, and consequeivtly, 
around Saturn, in lOj-^ hours, which is at the rate of a thou- 
sand miles in a minute, or 58 times swifter than the revoln- 
tion of the Earth's equator. 

When viewed from the middle zone of the planet, in the 
absence of the Sun, the rings will appear like vast luminous 
arches, extending along the canopy of heaven, from the 
eastern to the western horizon, exceeding in breadth a hun- 
dred times the apparent diameter of our Moon. 

Besides the rings, Saturn is attended by seven satellites, 
which revolve about him at different periods and distances, 
and reciprocally reflect the Sun's rays on each other and 
on the planet. The rings and moons illuminate the nights 
of Saturn ; the moons and Saturn enlighten the rings, and 
the planet and rings reflect the Sun's beams on the satel- 
lites. 

The fourth of these satellites (in the order of their distance) was /Irvl 
« discovered by Haygens, on the 25th of March, 1655, and, in honour of tha 
discoverer, was called the Huigenian ^atelUte, This satellite, being the 
largest of all, is seen without much difficulty. Cassini discovered the Ist, 
2d, 3d, and 5th satellites, between October, 1671, and March, 1681. Dr. 
Berschel discovered the oth and 7th in 1789. These are nearer to Saturn than 
uijofthe rest, though, to avoid confusion, they are named in the order of 
their discovery. 

The sixth and seventh are the smallest of the whole ; the 
first and second are the next smallest ; the third is greater 
than the first and second ; the fourth is the largest of them 
all ; and the fifth surpasses the rest in brightness. 

Their respective distances from their primary, vary fVom 
half the distance of our Moon, to two millions of miles. 
Their periodic revolutions vary from 1 day to 79 days. 
The orbits of the six inner satellites, that is, the 1st, 2d, 3d. 
ith, 6th, and 7th, all lie in the plane of Saturn's rin^s, and 
f evolve around their outer edge; while the 5th satellite de- 
viates so far from the plane of the rings, as sometimes to be 
seen through the opening between them and the planet. 

Laplace' imagines that the accumulation of matter at Saturn's equator re* 
fains the orbits of the first six satellites in the plane of the equator, in the 
same manner as it retains the rings in that plane. It has been satisfactorily 
■scertained, that Saturn has a greater accumulation of matter about hia 

* Thii happens, as we have already shown, wheil Saturn is either in the aotir degree ol 
Pisees, or thi» soth degree <^ Viiga When lie is twtween these points, or in the SMfa de> 
(lee either of Gemini or of Sagittarius, his ring appears most open to us, and more in ths 
Ixm of an oval, whose longest diameter is to the shortest as 9 to 4. 

In what time does the ring complete its revolution on its axis, and. of ooone, aroan4 
the planet ? What id the rate per minute of its motion 7 How rapid is this, compaied 
with the nirition of tlie Karth's equator 7 What would be the appearance of the rings, if 
viewed from rhp middle 7x)ne of the planet, in the alisence of the Sun ) How many moons 
bri3 Sail mi 1 How are Saturn, his nngs and satellites, severail/, enlightened 7 What art 
the date* of their diseuverj/, and the namts qf their dUicovereri ? What are thefr 
eoinpumtive magnitudes, distances, ard times of revolution 7 What is tlie position of 
ttM'irorlMte withrcsiiecttotlierini^ofi^atuin? iV?uu dorg iMpface imagine retaitu 
t/if orbit* }fSaturn^itJlr«t0ix aateUi'.e* in the plane of hUeaiuuor7 



/ 
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equator, and conseqnentljr that he is more flattened at the poles, than 
ter, thoagh the Telocity of the equatorial parts of the Ibrmer is much leisa 
than that of the latter. This is sofflcienUy accounted for by the &ct, that 
the ring9 of Saturn lie in the plane of his equator, and act more powerfuQy 
upon those parts of his sorftce than upon any ottier : and thus, while they 
aid in diminishing the gravity of these parts, also aid the eentrifofal force in 
flattening the poles of the planet. Indeed, had Saturn never reTolred ufmo 
his axis, the action of the rings would, of itself^ hare been sufficient to giTS 
*Um the form of an oblate spheroid. 

The theory of the satellites of Saturn is less perfect than 
that of the satellites of Jupiter. The difficulty of obsenring 
their eclipses, and of measuring their elongations from their 
primary, have prevented astronomers from determining, 
with their usual precision, their mean distances and reyo- 
lutions. 

We may remark, with the Christian Philosopher, that 
there is no planet in the solar system, whose nrmament 
presents such a variety of splendia and magnificent objects 
as that of Saturn. 

' The various aspects of the seven moons, one rising above 
the horizon, while another is setting, and a third approach 
mg to the meridian ; one entering into an eclipse, and an 
other emerging from one ; one appearing as a crescjent, and 
another with a gibbous phase ; and sometimes the whole 
of them shining in the same hemisphere, in one bright as- 
semblage ! The majestic motion of the rings, — at one time 
illuminating the sky with their splendour, and eclipsing the 
stars ; at another, casting a deep shade over certain regions 
of the planet, and unveiling to view the wonders of the 
starry firmament, are scenes worthy of the majesty of the 
Divine Being to unfold, a^4 of ratioaal creatures to con 
. template. 

Such displays of Wisdom and Omnipotence, lead us to 
conclude that the numerous splendid objects connected with 
this planet, were not created merely to shed their lustre on 
naked rocks and barren sands; but that an immense popo* 
lation of intelligent beings is placed in those regions, to 
enjoy the bounty, and adore the goodness, of their great 
Creator. 

The following table exhibits the apparent and mean distances of the satellites 
from their primary, and the times of tiieir periodical revolution. Their di»> 
tances in tnilet were computed from their observed micrometer distances; 
the diameter of Saturn's ^qutUor being considered equal to 80^000 miles. 

Why are Mtronomen less aoquainted with the mean distances and levdutioiis of Sa« 
f tnm's satellites, than witli those of Jupiter > Desccibe tiie firmament of Batiim, as i]l» 

ninaftsd fay his rings and aatoUites. 
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flaicl- 
Utes. 


Periodic 
rerolutlon. 


Diitance in 
dianieten. 


Diitanc«1fi 
milea 


I 

2 

3 

4 

6 

6 . 

7 


Od. 2fi2h. dRin. 

fe 1 8 63 

• 1 21 18 

2 17 46 

4 12 26 

16 22 41 

79 7 66 


1.640 
1.976 
2447 
ai34 
4.377 
iai43 
29.677 


123,200 
168,080 
196,720 
250.720 
3G0.160 
811,400 
2,366,160 



HERSCHEL. 

Herschel is the roost distant planet from the Sun that hay 
vet been discovered. To the naked eye, it appears like a 
star of only the 6th or 7th magnitude, and of a pale, bluish 
white ; but it can seldom be seen, except in a very fine, 
el ear night, and in the absence of the Moon. 

As it moves over but one degree of its orbit in 85 days, 
It will be seven years in passing over one sign or constella- 
tion. At ])resent,* its mean right ascension is 332^^, and 
its declination 15)-^ S. It is therefore in the tail of Capri- 
corn, making a small triangle with Deneb and Delta AlgedL 

When first seen by Dr. Herschel, in 1781, it was in the 
foot of Gemini ; so mat it has not yet completed two thirds 

of a revoltUion since it was first discovered to he a planet. 

• 

It is remarkable that this body was observed as far back as 1090. It was 
trtStxi three times by Flaaistead, once by Bradley, once by Mayer, and eleven 
tines by Lemoonier, who registered it among the stars; But not one of them 
saapected it to be a planet. ^ . 

The inequalities in the motions of Jupiter and Saturn, 
which could not be accounted for from the mutual atirao- 
tions of these planets, led astronomers to suppose that there 
existed another planet beyond the orbit of Saturn, by whose 
action these irregularities were produced. This conjecture 
was confirmed March 13th, 1781 ; when Dr. Herschel dis- 
covered the motions of this body, and thus proved it to be a 
planet. 

Herschel is attended by six moons or satellites, which 
revolve about him in different periods, and at various dia- 

• BeginniBf of tin year UM. 

What istho ielati«« distanoeoftheplanet HcKKbel fimm the 8ub7 What is itsan 
anee to the naked efe? Inviiateireuinitanees eanltbe secnl What is the rate of jls 
motinainitfloibitt MThat is its present potation I What was its position when fiiatdisk 
oovered to be a planet ) How much, then, of its revohitioo has been completed, unoslt 
was first discovered 1 At how earkf a date wat tMs bodp oburved in the heavenef 
Who obeerved it, htfore it imm dUcovered to he a flanet 7 Hou> tnany timet woe It 
teen by them, reepectively 7 What did theft conaider U to be 7 What led aitionomsm 
to suppose tliat there existed another planet beyond Saturn? When and Iqr whom was 
Msehel discovered to be « planet t How many moeos hss it } 

21 
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tances. Four of them were discovered by Dr. Herschel, 
and two by his sister^ Miss Caroline Herschel. It is possi- 
ble that* others remain yet to be discovered. 

HerschePs mean distance from the Sun is 1S28 millions of 
miles ; more than twice the mean distance of Saturn. His 
sidereal revolution is performed in 84 years and 1 month, 
and his motion in his orbit is 15;600 miles an hour. He is 
supposed to have a rotation on his axis, in common with the . 
other planets ; but astronomers have not yet been aole to 
obtain any occular proof of such a motion. 

His diameter is estimated at 34,000 miles ; which would 
make his volume more than 80 times larger than the Earth's. 
To his inhabitants, the Sun appears only the xjrrpartas larjg^e 
as he does to us ; and of course they receive from him 
only that small proportion of light and heat. It may be 
shown, however, that the -s-frP^rt of the Sun's light ex- 
ceeds the illuminating power ot 800 full Moons. This add- 
ed to the light they must receive from their six satellites, 
will render their days and nights far from cheerless. 

Such was the jelestial system with which our Earth was 
associated at its creation, distinct from the rest of the starry 
hosts. Whatever may be the comparative ^intiquity of our 
globe, and the mvriads of radiant bodies which nightly gem 
the immense vault above us. it is most reasonable to conclude^ 
that the Sun, Earth, and planets, differ little in the date or 
their ori£[in. 

This fact, at least, seems to be philosophically certain, 
that all the bodies which compose our solar system mast 
have been placed at one and the same time in that arrange- 
ment, and m those positions in which we now behold them ; 
because all maintain their present stations, and motions, and 
distances, by their mutual action an each other. Neither 
could be where it is, nor move as it does, nor appear as 
* we see it^ unless they were all coexistent. The presence 
of each is essential to the system — the Sun to them, they 
to the Sun, and all to each other. This fact is a strong 
indication that their formation was simultaneous. 

B/ whom were Hencbel'fl latellites diacovered 7 What it the diitance of Hefsehel^ 
•riMt from the 8iin 7 How much greater is this diatanoe than that of Saturn 7 Id wfat 
vne is his sidereal reirolution performed I What is the mte per hour of his motion in his 
cihit? Has he a rotation oo his axis? What is his diameter estimated to be) How 
much laifer would this make his volume than the Earth ) How much less does the Sim 
appear to be to the inhabitants of Herschel, than he does to us 7 What decree ofliriit and 
teat do thejr receive from him, compared with that received by the Earth 7 To Uw U^ 
cf how many full moons is this degree of light equal 7 What reason have we to auppow 
Hat the diffiMfent bodies of the sobr system were created at the same timel 
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Cornels, whether viewed as ephemeral meteors, or as 
substantial bodies, forming a part of the Solar system, are 
objects of no ordinary interest. 

When, with uninstructed gaze, we look upwards, to the 
clear sky of evening, and behold, among the multitudes oi 
heavenly bodies, one, blazing with its long train of light, 
and rushing onward towards the centre of our system, we 
insensibly shrink back as if in the presence of a supernatu- 
ral being. 

But when, with the eye of astronomy, we follow it through 
its perihelion, and trace it far of^ beyond the utmost verge 
of the solar system, till it is lost in the infinity of space, not 
to return for centuries, we are deeply impressed with a 
sence of that power which could create and set in motion 
such bodies. 

Comets are distinguished from the other heavenly bodies, 
bv their appearance and motion. The appearance of the 
planets is globular, and their motion around the Sun is near- 
ly in the same plane, and from west to east ; but the comets 
have a variety of forms, and their orbits are not confined to 
any particular part of the heavens ; nor do they observe any 
one general direction. 

The orbits of the planets approach nearly to circles, 
while those of the comets are very elongated ellipses. A 
wire hoop, for example^ will represent the orbit of a planet. 
If two opposite sides ol the same hoop, be extended, so that 
.s shall be long and narrow, it will then represent the orbit 
of a comet. The Sun is always in one of the foci of the 
comet's orbit. 

There is, however, a pracfical difficultj of a peculiar nature which em* 
barrasses the solution of the question as to the form of the cometary orbits. 
It so happens that the only part of the course of a comet which can ever 
be visible, is a portion throughout which the ellipse, the parabola, and hy- 
perbola, so closely resemble each other, that no observations can be obtain* 
•d with sufficient accuracy to enable us to distinguish them. In fact, the ob- 
served path of any comet, while visiblei may belong either to an ellipse, pa« 
rabola, or hyperbola. 

That part which is usually brighter, or more opaque, 
than the other portions of the comet, is called the nucleus. 
This is surrounded by an envelope, which has a cloudy, or 
hairy appearance. These two parts constitute the body, 
%nd, in many instances, the whole of the comet. 

What Ibeliraa does the contemplatioo of comets naturally excite? How are eoraeli 
^Ustinffutiihed fiom the other heavenly bodies 7 Describe their sroearanoe and motioo. 
Of what three parts may comets be considered to be compos e d I Describe these paiti 
•entfully. 
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Must of them, however, are attended by a long' train, 
called the tail ; though some are without this appendage, 
and as seen by the naked eye, are not easily distinguished 
from the planets. Others, again, have no apparent nucleus, 
and seem to be only globular masses of vapour. 

Nothing is known with certainty of the composition of 
these bodies. The envelope appears to be tiothing more 
than vapour, becoming more lummous and transparent when 
approaching the Sun. As the comets pass between us and 
the fixed stars, their envelopes and tails are so thin, that 
«tars of very small magnitudes may be seen through them. 
Some comets, having no nucleus, are transparent throughout 
their whole extent. 

The nucleus of a comet sometimes appears opaque, and it 
then resembles a planet. Astronomers, however, are not 
agreed upon this point. Some affirm that the nucleus is 
always transparent, and that comets are in fact nothing 
but a mass of vapour, or less condensed at the centre. 
By others it is mamtained that the nucleus is sometimes 
solid and opaque, ft seems probable, however, that there 
are three classes of comets ; viz. : 1st. Those which have 
no nucleus, being transparent throughout their whole ex- 
tent; 2d. Those whicn nave a transparent nucleus ; and, 
3d. Those having a nucleus which is solid and opaque. 

A comet, when at a distance from the Sun. viewed 
through a good telescope, has the appearance ox a dense 
vapour surrounding the nucleus, and sometimes flowing far 
into the regions of space. As it approaches the Sun, its 
light becomes more briiiiaut, till it reaches its perihelion, 
when iti light is more dazzling than that of anv other celes- 
tial body, the Sun excepted. In this part ot its orbit are 
seen to the best advantage the phenomena of this wonderful 
body, which has, from remote antiquity, been the spectre 
of alarm and terrour. 

The luminous train of a comet usually follows ity as it 
approaches the Sun, and goes before it, when the comet 
recedes from the Sun ; sometimes the tail is considerably 
curved towards the ref;ion to which the comet is tending, 
and in some instances, it has been observed to form a right 
angle with a line drawn from the Sun through the centre 
of the comet. The tail of the comet of 1744, formed near- 
ly a quarter of a circle ; that of 1689 was curved like a 

Hare all comets these three parts? What apparent diiierences maybe perceived in 
tne coflipositioo of diflerent comets } Into what classes, with reference to thf jr comi>osi- 
tkm, may comets be divided ? Describe the different appearances of comets at difli rent 
distances from the Sun. In what part of tneu' oibit are their phenomena seen to the best 
advanhifie? What is usoally the direction < f the luminous train ? What was the du^o 
<aoaolthetaUoftheoometofm4) Of thatof 168»i 
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Tuikish sabre. Sometimes the same comet has seycral 
tai!^. That of 1744 had, at one time, bo less than 5t>, 
which appeared and disappeared in a few days. The 
'*omet of 1823 had, for several days, two tails ; one ex- 
tending towards the Sun, and the other in the opposite 
direction. 

Comets, in passing among and near the planets, are 
materially drawn aside from their courses, and in some 
cases have their orbits entirely changed. This is remarka- 
bly true in regard to Jtipiter, which seems by some strange 
fatality to be constantly in their way, and to serve as a per- 
petual stumbling block to them. 

** The remarkable comet of 177(1 which was found by Lezell to revolve In 
a moderate ellipse, in a period or about five years, mctQallj got entangled 
mniong the satellites of Jupiter, and thrown oat uf Us orbit oy the attrac- 
tions of that planet," and has not been heard of since.— ^TerscAei, p. 310. 
By this extraordinary rencontre, the motions of Jupiter's satellites suffer* 
ed not the least perceptible derangement ;— a sufficient proof of the aerlfotiPi 
nature of the comet's mass. 

It is clear from observation that comets contain very 
little matter. For they produce little or no effect on the 
motion of the planets when passing near those bodies ; it is 
said that a comet, in 1454, eclipsed the moon ; so that it 
must have been very near the Earth ; yet no sensible effect 
was observed to be produced by this cause, upon the mo« 
tioii of the Earth or the Moon. 

The observations of philosophers upon comets, have as 
yet detected nothing of their nature. Tycho Brahe and 
Appian supposed their tails to be produced by the rays of 
the Sun, transmitted through the nucleus, which they sup- 
posed to be transparent, and to operate as a lens. Kepler> 
thought they were occasioned by the atmosphere of the 
coraeji, driven off by the impulse of the Sun's rays. This 
opinion, with some modification, was also maintained by 
Euler. Sir Isaac Newton conjectured, that they were a 
thin vapour, rising from the heated nucleus, as smoke as- 
cends from the Earth ; while Dr. Hamilton supposed them 
to be streams of electricity. 

"That the luminous part of a comet," says Sir John Rerschel, *'fs some- 
thing in the nature of a smoke, fog, or cloud, suspended in a transpareut 
atmosphere, is evident from a fact which has been often noticed, viz. that 



How many tails had the oometof 1744 at one time, and how \aag did ther continue tQ 
appear l flow many had tliat of 1933, and what was their direction 7 When comets pi^s 
I ear planetSi how does the attraction of the planets aflbct them ) in regard to what pla- 
net is this remarliably trae? Mention an example of ctmtete being io affected, Whai 
fact connected with thie eaee provet the aeriform nature tf the ccmet^ nuut 7 How 
is it clear from nbiervation that comets contain very little matter 1 What were jOie ovi- 
nions of Tycho Brahe, Appian, Kepler, Euler, Sir Isaac Newton, and Dr. Hamilton, in 
resanl to the tails of comets? What woe the optnianqf Sir John HerecML, itnd m 
tphat/oundedl 
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the paTtion of th« tall when It comes up to, and sarroitiide the heaH, la jmt 
separated from It by an interval less Inmmous ; as we often see one layor 
of clouds laid over another with a considerable clear space between them.** 
And again—" It follows that these can only be refcarded as great masses of 
ihin vapour, susceptible of being penetrated through their whole substMiCxs 
by the simbeama." 

Comets have always been considered by the ignorant and 
superstitious, as the harbingers of war, pestilence, and fam- 
ine. Nor has this 6pinion l)een, even to this day, confined 
to the unlearned. It was once universal. And when we 
examine the dimensions and appearamces of some of these 
bodies, we cease to wonder that they produced universal 
alarm. 

According lo the testimony of the early writers, a comet 
which could be seen in day light with the naked eye, made 
its appearance 43 years before the birth of our Saviour. 
This date was just after the death of Cssar, and by the Ro- 
mans, the comet was believed to be his metamorphosed 
soul, armed with fire and vengeance. This comet is again 
mentioned as appearing in lt06, and then resembling the 
Sun in brightness, being of a great size, and having an im- 
mense tail. 

In Jthe yt ar 1 102, a comet was seen, so hrilliant as to be 
discerned at noon-day. 

In 1456 a large comet made its appearance. It spread 
a wider terrour than was ever known before. The be- 
lief was very general, among all classes, that the comet 
would destroy the Earth, and that the Day of Judgment was 
at hand ! 

This comet appeared again in the years 1531, 1607, 1682, 17B8, and is now 

S)proaching the 'Sun with accelerated velocity. It will pass its perihelioo in 
ovember, 1836, and every 75| years tliereafler. We now [October, 1836,] see 
this self same comet, so often expelled the Churdi of Rome, returning to re- 
assert his claim to a fellowship with the solar family. 

At the time of the appearance of this comet, the Turks 
extended their victorious arms across the Hellespont, and 
seemed destined to overrun all Europe. This added not a 
little to the general glotnn. Under all these impressions^ 
the people seemed totally regardless of the present, ana 
anxious only for the future. The Romish Churcli held at 
this time unbounded sway over the lives, and fortunes, and 
consciences of men. To prepare the world for its expected 
doom, Pope Calixtus III. ordered the Ave Maria to be re- 
peated thr^e times a day, instead of two. ^ He ordered the 
church bells to be rung at noon, which was the origin of 

, How have eomets been regarded by the ignorant and snpentitiotti 7 Mention ■ome of 
n» most remarluble comets which have appeared, Descrihe them •evefailjr, and rasto 
what meawcr they were severally rBpuoed) Wlua U tke periodic tinu oftkk 
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that practice, 90 universal in Christiaa churches. To the 
Ave Maria, the prayer was added — "Lord, save us from 
ine Devil, the Turk, and the Comet :" and once, each day, 
these three obnoxious personagea Buffered a regular exiom- 
nitmicatioa. 

The pope and clergy, exhibiting such fear, it is not b 
matter of wonder that it became the ruling passion of the 
multitude. The churches and convents were crowded for 
confession of sins ; and treasures uncounted were poured 
into the Apoatolicvhamber. 

The cornel, after suffering some months of daily cnrsine 
and excommunication, began to show sti^ns of retreat, and 
soon disappeared fiom those eyes in which it found no fa- 
vour. Joy and tranquillity soon relumed to the faithful sub- 
jects of th? pope, but not so their money and lands. 
The people, however, became saiisSed that their lives, and 
the safety of the world, bad been cheaply purchased. The 
pope, who had achieved so signal a victory oven the mon- 
Bler of the sky, had checked the prioress of the Turk, and 
kept for the present his Satanic majesty at a safe distance ; 
wMle the CUuTch of Rrr^e, retaining her unbounded wealth, 
was enabled to continue that influence over her followers, 
. which she reuins, in part, to this day. 

The comet of 1680 would have been still more alarm- 
ins than that of 1456, had not science robbed it of its ter- 
Tonrs, and history pointed to the signal failure of its prede- 
cessor. This comet was of the largest size, and had a 
tail whose enormous length was moie than ninety-tix mil- 
liotu of milet. 

At Its greatest distance, it is 13,000 millions of milei 
from the Sun; aodat its nearest approach, only 574,000 milet 
from his centre ;* or about lilO,0(}0 miles from his surface. 
In that part of its oibit which is nearestthe Sun, it fliet 
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171th the amazing swiftness of 1,000,000 miles in an hour, • 
aud the Sun, as seen from it, appears 27,000 times larger than 
It appears to us ; consequently, it is then exposed to a heat 
27,000 times greater than the solar heat at the Earth. This 
intensity of heat exceeds, several thousand times, that of 
red-hot iron, and indeed all the degrees of heat that we are 
able to produce. A simple mass of vapour, exposed to a 
thousandth part of such a heat, would be at once dissipated 
in space — a pretty strong indication that, however volatile 
I are the elements of which comets are composed, they are, 
nevertheless, capable of enduring an inconceivable intensity 
of both heat and cold. 

This is the comet which, according to the reveries ot 
Dr. Whiston and others, deluged the world in the time of 
Noah. Whiston was the friend and successor of Newton : 
but, anxious to know more than is revealed, he passed the 
bounds of sober philosophy, and presumed not only to ^x 
the residence of the damned, but also the nature of their 
punishment. According to his theory, a comet was the 
awful prison-house in which, as it wheeled from the remotest 
regions of darkness and cold into the very vicinity of the 
Sun, hurrying its wretched tenants to the extremes of per- 
ishing cold and devouring fire, the Almighty was to dispense 
the severities of his justice. 

Such theories may be ingenious, but they have no basis 
of facts to rest upon. They more properly belong to the 
chimeras of Astrology, than to the science of Astronomy. 

When we are told by philosophers of great caution and 
high reputation, that the fiery train of the comet, just allud- 
ed to, extended from the horizon to the zenith ; and that 
that of 1744 had, at one time, six tails, each 6,000,000 of 
miles long, and that another, which appeared soon after, 
had one 40,000,000 of miles long, and when we consider 
also the inconceivable velocity with which they speed their 
flight through the solar system, we may cease to wonder if, 
in the darker a^es, they have been regarded as evil omens 

But these idle phantasies are not peculiar to any age or 
country. Even in our own limes, the beautiful comet of 
1811, the most splendid one of modern times, was generally 
considered among the superstitious, as the dread harbinger 

What is the degree of heat to which the oomet of 1680 ia exposed, when in ita perihelion, 
eompared to that experienced at the Earth 1 What is the intensity of such a degree of 
heat, omnpared with that of red-hot iron, or with any degree of heat which we are able to 
produce ) what inference may be derived from this fact in re/^ard to the composition of 
comets) What were the reveries of Dr. Whiston and others in regand to this comet I 
What fkcts ought to make us cease to wonder that comets were in darker ages consider' 
ed as harbingers of evil 7 Have these phantasies, however, been confined to the d^rksr 
aiBM? Of what event was the comet of 18U considered, in our eoontiy, to be the h» 



of the war which was declared in the following spring. It 
is well known that an indefinite apprehension of a moce 
dreadful catastrophe lately pervaded both continents, in an* 
ticipation of Biela's comet of 1832. 

The nucleus of the comet of 1811, according to observa- 
tions made near Boston, was 2^617 miles in diameter, cor- 
responding nearly to the size of the Moon. The brilliancy 
with which it shone, was equal to one tenth of that of the 
Moon. The envelope, or aeriform covering, surrounding 
the nucleus, was 24,000 miles thick, about five hundred 
times as thick as the atmosphere which encircles the Earth; 
making the diameter of the comet, including its envelope, 
50,617 miles. It had a very luminous tail, whose greates 
length was one hundred million of miles. 

This comet moved, in its perihelion, with an almost inconceivable velocity — 
fifteen hundred times greater than that of a ball buratingfroui the mouth of a 
cannon. According to Regiomontanua, the comet of 1472 moved over an ax« 
of 120° in one day. Brydone observed a comet at Palermo in 1770^ which pass- 
ed through 50° of a great circle in the heavens in 21 hours. Another comet, 
whtch appeared in 1760, passed over 41° in the same time. The conjecture oi 
Dr. Halley therefore seems highly probable, that if a body of such a siz6| 
having any considerable density, and moving with such a velocity, were to 
strike our Eartli, it would instantly reduce it to chaos, mingling its elements 
in ruin. 

The transient effect of a aomet passing near the Earth, could scarcely 
amount to any great convulsion, says Dr. Brewster : but if the Eaith were 
actuallv to receive a shocic from one of these bodies, the consequences 
would be awful. A new direction would be given to its rotary motion, and 
it would revolve around a new axis. The seas, forsaking their beds, would 
be hurried, by their centrifugal force, to the new equatorial regions : islands 
and continents, the abodes of dien and animals, would be covered by the 
nniversai rush of the waters to the new equator, and every vestige of ho* 
man industry and genius would be at once destroyed. 

The chances against such an event, however, are so very 
numerous, that there is no reason to dread its occurrence. 
The French government, not long since, called the atten- 
tion of some of her ablest mathematicians and astronomers 
to the solution of this problem ; that is, to determine^ upon 
mathematical prindptes, how many chances of collision the 
Earth was exposed to. After a mature examination, they re- 
ported^— "We have found that, of 281,000,000 of chances, 
there is only one unfavourable, — there exists but one which 
can produce a collision between the two bodies.'^ 

"Admitting, then," say they, "for'a moment, that the comets which nwf 
■trike the Earth with their nucleuses, would annihilate the whole human 
race; the danger of death to each individual, resulting from the ap> 

Describe this const (Hob sems entmjifet of the vetodty of Gomeu. What wvuXi 
prtAdbiy he Uudfltet vpim tfu Eartht ahouid a comet etrtke U 7 What does Dr. Breto^ 
uereay would be the ^eet of a comet pauing near the Earth ? Bttt if the Earth 
were aetuUlyto receive a ehoek from a comet, what deee he my wottld be the reside? 
How did the Preneli mathematieiang and aatronoams find the ebanoet of a c<4Ii8ton be- 
tween the Earth and comets to stand 1 What, then, on the euppoaUion that a etroke tf 
a comet taotUd annihUate the wfutle human race, it the danger of death to each m^ 
dividual^ reeuUingfrem the appearance ^an unknown eomtt f 
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pmrma,c9 of an unknottn eometi would he exactly e^iaal tothe li^ be wcikit 
ran, if in an urn there was only one nngle wtiite nail among a total nuoi- 
t>er of 281,000,000 balls, and tliat bis cnodemnation to deatti wmild be the 
IneTitable coosequeuce of the white bail being proituced at the first draw 
log." 

We have before stated that comets, unlike the planets, 
observe no one direction in their orbit?, but appruacn to, and 
recede from their great centre of attraction, in every possi- 
ble direction. Nothing can be more sublime, or better 
calculated to fill the mind with profound astonishment, than 
to contemplate the revolution of comets, while in that part 
of their orbits which comes within the sphere of the tele- 
scope. Some seem to come up from the immeasurable 
depths below the ecliptic, and, having doubled the heavens* 
mighty cape, again plunge downward with their fiery trains, 

" On the long travel of a thousand years." ^ 

Others appear to come down from the zenith of the uni- 
Terse to double their perihelion about the Sun, and then re- 
ascend far above all human vision. 

Others are dashing through the solar system in all possi- 
ble directions, and apparently without any undisturbed or 
undisturbing path prescribed by him who guides and sus- 
tains them all. 

Until within a few years, it was universally believed that 
the periods of their revolutions must necessarily be of prodi- 
gious length; but within a few years, two cornels have 
been discovered, whose revolutions are performed, compa- 
rativelv, within our own neighbourhood. To distinguish them 
from the more remote, they are denominated the comets of 
a short period. The first was discovered in the constella- 
tion Aquarius, by two French astronomers, in the year 
1786. The same comet was again observed by Miss Caro- 
hue Herschel, in the constellation Cygnus, in 1795, and 
again in 1805. In 1818, Professor Encke determined the 
dimensions of its orbit, and the period of its sidereal revolu- 
tion ; for which reason it has been called " Encke^s Comet.'** 

This comet performs its revolution around the Sun in about 
3 years and 4 months,'*' in an elliptical orbit which lies wholly 
within the orbit of Jupiter. Its mean distance from the Sun 
is 212 milligns of miles; the eccentricity of its orbit is 179 

* Owing to the disturMng influenoes of the ninounding planets, the periodie votun of 
hb comet, like that of all others, is liable to be hastened or retarded several days. Ita 
.jeiiod varies from about 1908 to 13l!i days. 

What is the direction of comets in their ortiits ? What has been, until within a. few 
reaiB, the universal opinion in resard to the length of the times of their ■revolution 1 Why 
does not the same opinion prevail now } What are these two comets doiominatedT Re- 
late the history of thedisoovery of the first. Why is H called Encke's comet 7 What is 
die time of the revoluti<Hi of Encke's comet 7 what is tho form of its orbit, and what its 
position witl) regani to tlie orbit of Jupiter 7 What is this comet's mean distance Jrom 
tbeSuni WhatistheeoccntiicityofttsariMt} 
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mtHfons of miles ; consequently it is 358 millions of miles 
nearer the Sun in its perihelion, than it is in its aphelion. 
It was visible throughout the United States in 1825, when 
It presented a fine appearance. It was also observed at its 
next return in 1828; but its last return to its periheli(Jn, on 
the 6th of May, 1832, was invisible in the United States, 
oh account of its great southern declination. 

The second "Comet of a short period," was observed 
in 1772; and was seen again in 1805. It was not until 
its re-appearance in 1826, that astronomers were able to 
determine the elements of its orbit, and the exact period of 
its revolution. This was successfully accomplished by M. 
Biela of Josephstadt ; hence it is called Biela^a Comet. 
According to observations made upon it in 1805, by the cele- 
brated Dr. Olbers, its diameter, including its envelope, is 
42,280 miles. It is a curious fact, that the path or Bie- 
la's comet passes verv near to that of the Earth ; so near, 
that at the moment toe centre of the comet is at the point 
nearest to the Earth's path, the matter of the comet extends 
beyond that path, and includes a portion within it. Thus, if 
the Earth were at that point of its orbit which is nearest to 
the path of the comet, at the same moment that the comet 
should be at that point of its orbit which is nearest to the 

Eath of the Earth, the Earth would be enveloped in the ne-' 
ulous atmosphere of the comet. 

With respect to the effect which might be produced upon 
our atmosphere by such a circumstance, it is impossible to 
offer any thing but the most vague conjecture. Sir John 
Herschel was able to distinguish stars as minute as the 16th 
or 17th magnitude through the body of the comet ! Hence it 
seems reasonable to infer, that the nebulous matter of which 
it is composed, must be infinitely more attenuated than our 
atmosphere ; so that for every particle of cometarv matter 
which we should inhale, we should inspire millions of par- 
ticles of atmospheric air. 

This is the comet which was to come into collision with 
the Earth, and to blot it out from the Solar System. In re- 
turning to its perihelion, November 26th, 1832, it was com- 
puted that it would cross the Earth's orbit at a distance of 

Hnw much VKUet the Son, then, ii the comet, when in its periheKon than when in ill 
aphelion ? In what yean lias this comet been teen in the I7nited State* ? Whjr waa it 
not visible in the United States at the thne of its return in 1883 7 Relate the htstory of the 
jisoovery of the second comet of a short period } Why is it called Biela's comet? Wliat, 
acoordins to the observations of Dr. Olbers in 1805, was the diameter of Biela's pcxnct, in- 
cliidin; the envelope 7 How near does the path of Biela's comet lie to that of the Earth i 
M'hat would be the effect upon our atmosphere should the nebulous atmosphere of the 
comet envelope it 7 What reason have we to suppose that it is more attenuated than iw 
ttmosphere 7 It was predicted that this comet woidd come into collision wiih 'he 
Earth r what were the fcroundsof pnibaiiility tlmt siinii an event w ild take place. aiM< 
viu'iiiditaot 7 
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only 18,500 miles. It is evident that if tiK Earta had been 
in that part of her orbit at the same time with the comet, 
our atmosphere would have mingled with the atmosphere of 
the comet, and the two bodies, perhaps, have come in contact. 
But the comet passed the Earth's orbit on the 29th of Oc- 
tober, in the 8th degree of Sagittarius, and the Earth did 
not arrive at that point until the 30th of November, which, 
was 32 days afterwards. * 

If we multiply the number of hours in 32 days, by 68,000 
(the velocity oi the Earth per^ hour,) we shall find that 
the Earth was more than 52,000^,000 miles behind the comet 
when it crossed her orbit. Its nearest approach tg the 
Earth, at any time, was about 51 millions of miles ; its near- 
est approach to the Sun, was about 83 millions of miles. Its 
mean distance from the Sun, or half the longest axis of it» 
orbit, is 337 millions of miles. Its eccentricity is 253 mil* 
lions of miles; consequently, it is 507 millions of miles 
nearer the Sun in its perihelion than it is in its aphelion. 
The period of its sidereal revolution is 2,460 days, or about 
6f years. 

Although the cometfi of EDcke and Biela are objects of very great inter- 
eat, yet their short periods, the limited space within which their niotion is 
efrcumacribed, and consequently the very slight disturbance which they 
■ufltain from the attraction of the planets, render them of less interest lo 
physical astronomy than those of longer periods. 

They do not, like them, rush from the invisible and inaccessible depths 
of space, and, after sweeping our system, depart to distances with the con» 
eeption of which the imagination itself is confounded. | They possess none 
of^that grandeur which is connected vrith whatever appears to brealc 
through the fixed order of the universe.| It is reserved lor the comet ot 
Halley alone to afford the prowlest triumph to those powers of calculation 
by^hich we are enabled to follow it in the depths or space, two thousand 
millions of miles beyond the extreme verge of the solar system ; and, not- 
withstanding disturbances which render each succeeding period of its return 
different from the last, to foretel that return with precision. 

The following representation of the entire orbit of Biela's 
comet, was obtained from the Astronomer Royal of the 
Greenwich Observatory. It shows not only the space and 
position it occupies in the solar system, but the points where 
Its orbit intersects all the planetary orbits through which it 
passes. By this, it is seen that its perihelion lies between 
the orbits of the Earth and Venus, while its aphelion extendi 
a little beyond that of Jupiter. 

What was ito nearest approaoh to the Earth at anytime? What its nearest sinmcl 
ttf the Sun 7 What its mean distance fiom the Sun f What its eocentneity 1 whtL 
eben, is the diiierenoe between its perihelion and aphelion distances I What is the perio/ 
•fits sidereal revoIutiiMi 7 Why are the cometa qf Encke and Bieta (Meat qf teas ^f« 
rett tovhyaical astronomy than those qf longer periode J What is toe situataon aw 
■fait ornela's comet in the solar system } 
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This diagram not only exhibits the course of the cotnet 
i^t its last return, but also denotes its future positions on the 
first day of every year during its next revolution. It is also 
apparent that it will return to its perihelion again in the 
autumn of 1839, but not so immediately in our vicinity as 
to be the proper cause of alarm. To be able to predict the 
very day and circumstances of the c(Bturn of such a bodi- 
less and eccentric wanderer, after the lapse of so many 
yearsj evinces a perfection of the astronomical calculus that 
may justly challenge our admiration. 

"The re-appearance of this comet," says Herschel, 
*^ whose return in 1832 was made the subject of elaborate 
calculations by mathematicians of the first eminence, did 
not disappoint the expectation of astronomers. It is hardly 
possible to imagine any thing more striking than the ap- 
pearance, after the lapse of nearly seven years, of such an 
all but imperceptible cloud or wisp of vapour, true, however^ 
to its predicted time and place, and obeying laws like those 
which regulate the planets." 

Herschel, whose Observatory is at Slough, England, observed the daily 
progress of this comet from the 21ili of September, until its disappearance, 
compared its acttuU position from day to oay with its calculalea position, 
and found them to afree within four or five minutes of time in right ascen- 
sion, and within a few seconds of declination. Its position, Uien, as repre- 
sented on a planisphere which the author prepared for his pupils, and af- 
terwards published, was true to within a less space than one third of its 
projected diameter. Like some others that have been observed, this comet 
has no luminous train by which it can be easily recognized by the naked eye, 
Except when it is very near the Sun. This is the reason why it was not more 
generally observed at its late return. 

Akhouf h this comet is usually denominated " Biela's comet," yet it seems 
that ML Gambart, director of the Observatory at Marseilles, is equally en- 
titled to the honour of identifying it with the comet of 1772, and of 1803. 
lie discovered it only 10 days after Biela, and Immediately set about calco- 
tating its elements from bis own observations, which are thought to equal, 
if they do not surpass, in point of accuracy, those of every other as- 
tronomer. 

Up to the beginning of the 17th century, no correct no • 
tions had been entertained in respect to the paths of comets. 
Kepler's first conjecture was that they moved in straight 
lines ; but as that did not agree with observation, he next 
concluded that they were parabolic curves, having the Sun 
near the vertex, and running indefinitely into the regions of 
space at both extremities. There was nothing in the ob« 
servations of the earlier astronomers to fix their identity, or 
to lead him to suspect that any one of them had ever been 
geen before ; much less that they formed a paLt of the solar 

\Mion will this comet return airain 1 How much did Us actual potttlon from day tc 
dwj, M ohHcrved by Herschel^ differ frmn its cafrulated position 7 Whu was it not 
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$f Stem, reTolving about toe Sun in elliptical o/bits that re- 
turned into themselves. 

This grand discovery was reserved for one of the most 
industrious and sagacious astronomers that ever lived — thi^ 
was Dr. Halley, the contemporary and friend of Newton. 
When the comet of 1682 made its appearance, he set him- 
self about observing it with great care, and found there wa:» 
a wonderful resemblance between it and three other comets 
that he found recorded, the comets of 1456, of 1531, and 
1607. The times of their appearance had been nearly at 
equal and regular intervals ; their perihelion distances were 
nearly the same ; and he finally proved them to be one and 
the same comet, performing its circuit around the Sun in a 
period varying a little from 76 years. This is therefore 
called Halley^s comet. It is the very same comet that filled 
the eastern world with so much consternation in 1456, and 
became an object of such abhorrence to the church of 
Rome. . 

Of all the comets which have been observed since the 
Christian era, only three have had their elements so well 
determined that astrononaers are able to fix the period of 
their revolution, and to predict the time and circumstances 
of their appearance. These three are, Encke's, whose last 
revolution about the Sun was performed in 1212 days; 
Biela's, whose period was 2461 days; and Halley 's, which is 
now accomplishing its broad circuit in about 28,000 days. 
Encke's and Halley 's will return to their perihelion the 
present year (1835), and Biela's in 1839. 

Halley 's confbt, true to its predicted time and place, is now (Oct. 1835,) 
risible In the evening sky. But we behold none of those phenomena which 
threw our ancestors of the middle ages into agonies of superstitioius terrour. 
We see not the comcta horrenda magnitudinis, as it appeared in 1^, nor 
that tail of enormous length which, in 1456, extended over two thirds of 
the interval between the horizon and the zenith, nor even a star as brilliant 
AS was the same comet in 1682, with its tail of 2XP. 

Its mean distance from the Sun is 1,713,700,000 miles: the eccentricity of 
Its orbit is 1,658,000,000 miles ; conseouently it is 3,316.000,000 miles far- 
ther from the 8un in its aphelion than it is in its perihelion. In the latter 
eaise, its distance from him is only 56,700,000 miles ; but in the former, ;c Is 
8,371,700,000 miles Therefore, though its aphelion distance be great, Us 
mean distance is less than that of Herschel ; and great as is the aphelion 
distance, it Is but a very small fraction less than one Jive-tkmtaandth part of 
that distance from the Sun, beyond which the very newest of the fixed 
■tars must be situated ; and, as the determination of their distance is neg&> 

Who first discovered the identity of comets 7 Relate the manner by which he came tu 
this discovery. How many of all the comets observed since the Chnstian era, have had 
their elements so well determined, that astronomen are able to fix the period of their re* 
volutions, and to predict the time and circumstances of their appearance ? What comets 
we these? in what time do tiiey accomplish their revolutions ? When will Jiey, seve- 
rally, return to their perihelion? What comet U nmo {Oaf. 1835) vUible? What are 
the mean, and the aphelion andperVytUon distances qfHallei/a comet fro?n the Sun 7 
9^hat part of the distance beyond which the nearest of the fixed stars ntisi he pla- 
ced, is Us aphelion distance 7 
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life and not poiithre, tbe nearest of thent may be at twice or ten thnaa thai 
distance. 

The namber of comets which have been observed since the Chiistiao 
era, amounts to 700. Scarcely a year has passed without the observation 
et one or two. And since multitudes of them most esc*De observation, 1^ 
reason of their traversing that part of the heavens which is above the hoii- 
zon in the day time, their whole number is proliably many thouscnda. 
Comets so circumstanced, can only become visible by the rare coincidence 
of a total eclipse of the Sun— a coincidence which happened, as related by 
" Seneca, 60 years before Christ, when a large comet was actually observed 
very near the Sun. 

But M. Arago reasons in the following manner, with respect to the num* 
ber of comets :— The number of ascertained coinetp, which, at their laast 
distances, pass within the orbit of Mercury, is thirty. Assuming that the 
eomets are uniformly distributed throughout the solar system, there wiQ 
be 117,649 limes as many comets included within the oibit of Herschel, as 
there are within the orbit of Mercury. But as,tliere are 30 within the orbit 
of Mercury, there must be 3,629,470 within the orbit of Hersciicl I 

Of 97 comets whose elements have been ^calculated by astronomers, 31 

Gassed between the Sun and the orbit of Mercury ; 33 between the orbits of 
[ercury and Venus: 21 between the orbits of Venus and the Earth; 15 
between the orbits of Ceres and Jupiter. Forty-nine of these comets move 
(rom east to west, and 48 in the opposite direction. 

The total number of distinct comets, whose paths during the visible part of 
dieir course had been ascertained, up to the year 1832; was one hundred and 
thirty-seven. 

What regions these bodies visit, when they pass beyond 
the limits of our view ; upon what errands they come, when 
thev again revisit the central parts of our system ; what 
is the difference between their physical constitution and that 
of the Sun and planets ; and what important ends they are 
destined to accomplish, in the economy of the universe, are 
inquiries which naturally arise in the mind, but which sor* 
pass the limited powers of the human understanding at pre- 
sent to determine. 



CHAPTER XX. 

OF THE FORGES BY WHICH THE PLANETS ARK 
RETAINED IN THEIR ORBITS. 

Having described the real and apparent motions rf the 
bodies which compose the solar system, it may be interest- 
ing next to show, that these motions, however varied or com- 
Elex they may seem, all result from one simple principle, or 
Lw, namely, the 

What U the number of comet* wMch have been obeerved einee the Christian erat 
1179 *'•«'< *'*'>*^ <if them eeeape obeervation 7 How great it probacy their aetutU 
number? In what can alone can comete tobich traverse the horizon in the daai 
time become visible? Mention an inttance eS a comet thue becoming vieMel 
What is the reasoning ofM. Arago in regard to the number qf cnrnets 1 Describe 
the track among the orbits oftfie planets, qfthe 97 comets whose elements have beat 
ealeulated by astronomers. In what direction do they move ? What, up to the year 
1932, was the whole number qf distinct ctmuts, whose patht during the visible jKUt 
qf their covrsCt has been deterniined ? By what principls. or law, aie the planets i» 
•aincd in Uieir cubits 1 
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LAW OF UNIVERSAL GRAVITATION. 

It IS said, that Sir Isaac Newton, when he was' diawinj; 
to a close th^ demonstration of the ^reat truth, that gravity 
is the cause which keeps the heavenly bodies in their orbits, 
was so much agitated with the magnitude and importance or 
the discovery he was about to make, that he was unable to 

{)roceed, and desired a friend to finish what the intensity of 
lis feelings ^id not allow him to do. By gravitation is meant, 
that universal law of attraction, by which every particle oi 
matter in the system has a tendency to every other particle. 
This attraction, or tendency of bodies towards each other, 
is in proportion to the quantity of matter they contain. The 
Earth, being immensely large in comparison with all other 
substances in its vicinity, destroys the effect of this attrac- 
tion between smaller bodies, by bringing them all to itself. 
. The attraction of gravitation is reciprocal. All bodies not 
anlv attract other bodies, but are themselves attracted, and 
botn according to their respective quantities of matter 
The Sun, the largest body in our system, attracts the Earth 
and all the other planets, while they in turn attract the Sud« 
The Earth, also, attracts the Moon, and she in turn at- 
tracts the Earth. A ball, thrown upwards from the 
Earth, is brought again to its surface ; the Earth's attraction 
not only counterbalancing that of the ball, but also {producing 
a motion of the ball towards itself. 

, This disposition, or tendency towards the Earth, is mani- 
fested in whatever falls, whether it be a pebble from the 
hand, an apple from a tree, or an avalanche from a moun- 
tain. All terrestrial bodies, not excepting the waters of the 
ocean, gravitate towards the centre of the Earth, and it is 
by the same power that animals on all parts of the globe 
stand with their feet pointing to its centre. 

The power of terrestrial gravitation is greatest at the earth's 
surface, whence it decreases both upwards and downwards ; 
but not both ways in the same proportion. It decreases 
upwards a« the square of the distance from the Earth's centre 

ncreases ; so that at a distance from the centre equal to 
twice the semi-diameter of the Earth, the gravitating force 
would be only one fourth of what it is at the surface. But 
below the surface, it decreases in the direct ratio of the dis 
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cance from the centre ; so that at a distance of half a semi 
diameter from the centre, the gravitating force is but half 
what it is at the surface. 

Weight and Gravity, in this case, are synonymous termft. 
We say a piece of lead weighs a pound^ or 16 ounces ; but if 
hyanyr means it could be raised 4000 miles above the surface 
of the Earth, which is about the distance ofthe surface from 
the centre, and consequently equal to two semi-diameters of 
the Earth above its centre, it would weigh only one fourth of 
a pound, or four ounces ; and if the same weight could be 
raised to an elevation of 12,000 miles above the surface, or 
four semi-diameters above the centre of the Earth, it would 
there weigh only one sixteenth of a pound, or one ounce. 

The same bony, at the centre of the Earth, being equally 
attracted in every direction, would be without weight ; at 
1000 miles from the centre it would weigh one fourth of a 
pound ; at 2000 miles, one half of a pound ; at 3000 miles, 
three fourths of a pound ; and at 40U0 miles, or at the sur- 
face, one pound. 

It 18 a universal law of attractioD, that it» potter decreaaea tu the aqttare of 
ihe dinlance increases. The converse of this, is also true, viz. The power 
increases, as the square of the distance decreases. Giving to this law the form 
of a practical rule, it will stand thus : 

The gravity of bodies above the surface of the Earth, decreases in a dtfp£f 
eate ratio^ (,or as the squares of their distances) in semi-diameters of the earth, 
from the earth*s centre. That is, when the gravity ia increasing^ muUipfy 
the weiffht by the square of the distance ; but when the gravity is decreasing^ 
divide tlie weight by the square of the distance. 

Suppose a bodv weighs 40 pounds at 2000 miles above the Earth's sur- 
face, what would it weigh at the surface, estimating the Earth's semi-diameter 
at 4000 miles 1 From the centre to the given height, is U semi-diajneters : 
(he square of 1|, or 1.5 is 2.25, which, multiplied into the weight, (40,) gives 90* 
pounds, ihd answer. ^ 

Suppose a body which weighs 256 pounds upon the surface of the Earth, 
be raised to the distance of the Moon, (240,000 miles,) what would be Ita 
vreMtht Thus, 4000)^0,000(60 semi diameters, ihe square of which is 3600. 
As the gravity, in tliis case, is decreasing, divide the weight by the square of 
the di!«tance, and it will give 3600)256(M6th of a pound, or 1 ounce. 

2. To find to what height a given weight must be raised to lose a certain 
portion of its weight. 

KvLB.— Divide the weight at the surface, by the required weight, and ex- 
tract the square root of the quotient. Ex. A. boy weighs 100 pounds, how high 
must he be carried to weigh but 4 pounds 1 Thus, 100 divided by 4, gives 
26, the square root of which is 5 semi-diameters, or 20,000 miles above the 
cent re. 

Bodies of equal magnitude do not always contain equal 

, ^ — • — 

What IB the relatitm between weifht and gravity? Illjetrate it by some exaoiples. 
What, then, is the general law in regard to the increase and decrease qf attraction 7 
How may this law be expressed, in the form of a practical rule 7 Supp se, for ex- 
ample, .he semi-diameter (if the Earth be estimated. In round nuuibers, at 4000 miles, 
and tha a body, elevated 3000 miles abroe its surface, should weigh 40 pounds, what 
would the same body weigh, if brought to the Earth's surjkul Suppose a badft 
which weighs ^OS pounds upon the surfia of the Earth, be raised to the distance «tf 
the Mtton, what lootM be its weight at sttdt an elevation ? (The pupil should be ivr 
quired to give the calculation, as well as the answer.l Bywhatrute can we determine 
the height to which a body must be raised, in order to its losing a certain portion of 
its weight? atve an example Do bodiesofthe same macnitude always contain eoMat 
WantiUes of matter) 
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quantities of matter ; a ball of cork, of equal bulk with one 
of lead, contains less matter, because it is more porous. The 
Sun, though fourteen hundred thousand times larger than 
the Earth, being much less dense, contains a quantity of 
matter only 355.000 times as great, and hence attracts the 
Earth with a force only 355,000 times greater than thai 
with which the Earth attracts the Sun. 

The quantity of matter in the Sun is 780 times greater 
than that of all the planets and satellites belonging to the 
Solar System ; consequently their whole united force of at- 
traction is 780 times less upon the Sun, than that of the 
Sun upon them. 

The Centre of Gravity of a body, is that point in which 
its whole weight is concentrated, and upon which it would 
rest, if freely suspended. If two weights, one of ten pounds, 
the other of one pound, be connected together by a rod 
eleven feet long, nicely poised on a centre, and then be thrown 
into a free rotary motion, the heaviest will move in a circle 
with a radius of one foot, and the lightest will describe a cir- 
cle with a radius of ten feet : the centre around which they 
move is their common centre of gravity. See the Figure* 

Thus the Sun and planets move around an imaginary 
point as a centre, always preserving an equilibrium. 

CENTRE OF GRAVITY. 
Fig. 21. 




If there were but one body in the universe, provided it 
were of uniform density, the centre of it would oe the centre 
of ppravity towards whicn all the surrounding portions would 
uniformly tend, and they would thereby balance each other. 
Thus the centre of gravity, and the body itself, would for- 
ever remain at rest. It would neither move' up nor down ; 
there being no other body to draw it in any direction. 
In this'case, the terms wp and down would have no meaning, 

Vbat are the eamporative btdki and demitioiortlie Sun and the Earth? Howgreotii 
die quantity of matter in the Sun, compared with that of all the planeti bekmnng to the 
■olar lyitem 7 What ii the centre of gravity of a body 7 Give an example, how doea 
(fab illuitration apply to planetary motion 7 If there were but one ainffle body in the uni* 
veise.wherp would the centre of gravity he 7 Whatmotion would the Dody have? What 
maaVi the terma uv and dctra. in such case, mean! 
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dxcept M applied to the body itself, to express the dixectioa 
ot* the i>urface from the centre. 

Were the Earth the only body re7olnng[ about the Sun, 
as the Sun's quantity of matter is 355,000 times as sreat aa 
that of the Earth, tne Sun would revoke in a circle equal 
only to the three hundred and ffty-Jive thousandth part of 
the Earth's distance from it : but as the planets in their sev^ 
ral orbits vary their positions, the centre of gravity is not 
always at the same distance from the Sun. 

The quantity of matter in the Sun so far exceeds that of 
all the planets together, that were they all on one side of him 
he would never be more than his ^wn diameter from the 
common centre of gravity ; the Sun is therefore justly coa* 
sidered as the centre of the system. 

The quantity of matter in the Earth being about 80 times 
as great as that of the Moon, their common centre of gravity 
is 80 times nearer the former than the latter, which is about 
3000 miles from the Earth's centre. 

The secondary planets are governed by the same laws 
as their primaries, and both together move around a com- 
mon centre of gravity. 

Every system in the universe is supposed to revolve, in 
like manner, around one common centre* 



ATTRAOTIVE ANU PROJECTILE FORCES. 

All simple motion is naturally rectilinear; that is, all 
bodies put in motion would continue to go forward in straight 
lines, as long as they met with no resistance or diverting 
force. 

On the other hand, the Sun, from his immense size, would 
by the power of attraction, draw all the planets to him, it 
his attractive force were not counterbalanced by the primi- 
tive impulse of the planetary bodies to move in straight lines. 

The attractive power of a body drawing another body 
towards the centre, is denominated Centripetal force ; ana 
the tendency of a revolving body to fLy from the centre in 
a tangent line, is called the Projectile or Centrifugal force. 
The joint action of these two central forces gives the planets 

If the Eorth vrere the only body ravohrinff about the Sun. what urould be tbdr relatif* 
dktanees fiom their common centre of gravity ? \{, instead of the Earth alone, the Eaitii 
with all the planets and Httellitet of the system were on one side, and the Sun alone ojl 
the other, at what distance flom their oommun centre of gravity must the San be, lo bu- 
■noe them all? Where is the centre of gravity between the Earth and Moon 1 How do 
you know this ? By what laws are the secondary planets ^vemed, and the other systemft 
of the universe 7 what is meant by all simple motion being rectilinear? Why does no 
the Sun, by its great attraction, bring all bcMlies to its sur&oe? Explain what is meani 
tor cent-ipetal and oeotiifugal forr«s. What results fiom the joivt action of these twc 
races I 
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a cliealar motion, and retains them in their orbits as they 
rerolTe, the primaries about the Sun, and the secondaries 
about their primaries. 

The degree of the Sun's attractive power at each particu- 
lar planet, whatever be its distance, is uniformly equal to 
the centrinigal force of the planet. The nearer any plan- 
et is to the Sun, the more strongly is it attracted by nim ; 
the farther any planet is from the Sun, the less is it at- 
tracted by him ; therefore, those planets which are the near^ 
er to the Sun must move the faster in their orbits, in order 
thereby to acquire centrifugal forces equal to the power of 
the Sun's attraction ; and those which are the farther from 
the Sun must move the slower, in order that they may no* 
have too great a degree of centrifugal force, for tne weaker 
attraction of the Sun at those distances. 

The discovery of these great truths, by Kepler and New- 
touj established the universal law of planetary motion j 
which may be stated as follows : 

1. Every planet moves in its orbit with a velocity vary- 
ing every instant, in consequence of two forces ; one tending 
to the centre of the Sun, and the other in the direction of a 
tangent to its orbit, arising from the primitive impulse given 
at the time it was launched into space. The former is call- 
ed its Centripetal^ the latter, its Centrifugal force. Should 
the centrifugal force cease, the planet would iall to the Sun 
by its gravity ; were the Sun not to attract it, it would fly 
off from its orbit in a straight line. 

. 2. By the time a planet has reached its aphelion, or that 
point of its orbit which is farthest from the Sun, his attrac- 
tion has overcome its velocity, and draws it towards him 
with such an accelerated motion, that it at last overcomes 
the Sun's attraction, and shoots past him ; then gradually 
decreasing in velocity, it arrives at the perihelion, when tha 
Sun's attraction again prevails. 

3. However ponderous or light, lar^e or small, near oi 
remote, the planets may be, their motion is always such 
that imaginary lines joining their centres to the Sun, pass 
over equal areas in equal times : and this is true not only 
with respect to the areas described every hour by the same 
planet, but the agreement holds, with rigid exactness, be- 
tween the areas detcribed in the same time, by all the plan- 
eta and comets belonging to the Solar System. 

From the foregolof principles, It follows, that the force of praTity, and 
the eeotrifugal fi>rce, are mutual oppoaiji^ potper*— each continually acting 



To what is the 8iiD*t attmelhre rower at each paiticular planet eqiuil 7 Explain this 
nofefiUlf. By whom was lbs oniveisa. Jkw of pknetarjmotioo established) Repeoi 
tfMlaw. 
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aninat th« other. Thut, the weight «f bodlea, on the Earth's equator^ it 
^minished by the centrifugal force of her diamtl rotallon, in the prcpor- 
UoQ of one pound for every 290 poands : that is, had the Earth no intHiou 
on her axis, all bodies on the equator would weigh one ttoo hundred and 
eightyninth part more thin they now do. 

On the contrary, if her diurnal motion were accelerated^ the centrifogal 
force would be proportionally increased, and the weight of bodies at tl^ 
equator would be, in the same ratio, diminished. Should the Earth revolve 
upon its axis, witli a velocity which would make the day but M minutes long, 
instead of dl hours, the centrifugal force would counterbalance that of gravity, 
and all bodies at the equator would then be absolutely destitute of weight ; 
and if the centrifugal force were further augmented, (the Earth revdlvine 
in less time than 84 minutes,) gravitation would be completely overpowerecC 
and all fluids and loose substances near the equator would ny off from tho 
surface. 

The weight of bodies, either upon the Earth, or on any other planet having 
amotion around its axis, depends jointly upon the mass of the planet, and 
Its diurnal velocitv. A body weighing one pound upon the equator of the 
Earth, would weigh, if removed to the equator 6f the Sun, 27.9 lbs. Of Mer 
curv, L03 lbs. Of Venus, 0.98 lbs. Of the Moon, i lb. Of Bfars, | lb. Of 
Jupiter, 2.716 lbs. Of Saturn, 1.01 Iba. 



CHAPTER XXI. 



PRECESStON OP THE EQUINOXES-OBUaUITY OP 

THE ECUPTIC. 

Of all the motions which are going forward in the Solar 
System, there is none, which it is important to notice, more 
difficult to comprehend, or to explain, than the precession 
OF THE BduiNoxEs, as it is termed. 

The equinoxes, as we have learned, are the two opposite 
points in the Earth's orbit, where it crosses the equator. 
The first is in Aries ; the other, in Libra. By the preces- 
sion of the equinoxes is meant, that the intersection of th<> 
equator with the eclintic is not always in the same point: — 
in other words, that tne Sun, in its apparent annual course, 
does not cross the equinoctial. Spring and Autumn, exactly 
in the saipe points, but every year a little behind ^those of 
the preceding year. 

This annual falling back of the equinoctical points, is call- 
ed by astronomers, with reference to the motion of the 
heavens, the Precession of the Equinoxes; but it would bet- 
ter accord with fact as well as the apprehension of the learn- 
tr, to call it, as it is, the Recession oMhe Equinoxes : for the 
equinoctial points do actually recede upon ^he ecliptic, at the 
rate of about 50^'' of a degree every year. It is the name 

H^o i» the weight of bodlet on the Earth'e equator affected by its diurnal rotation I 
What too iild be the effect if the diurnal tnotion of the Earth were accelerated 7 WfM 
would be the conxequenee if the Earth revolved about ita axis in 84 minutee, a in 
itt* time 7 What are the equinoxes 7 What is meant by the preceeeion of the equiooxesf 

ar IB It called preesstton of the equinoxes, and what would be a better termi 
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only, and not the position, of the eqqinoxes which remnins 
permanent. Wherever the Sun crosses the equinoctial in 
the spring there is the vernal equinox-; and wherever he 
crosses it in the autumn there is the autumnal equinox, 
and these points are constantly moving to the west. 

Fig. 22. 

To render this subject fa* 
miliar, we will suppose two 
carriage roads., extending 
quite around the Earth : one, 
representing the equator, 
running due east and west ; 
and the other, representing 
the ecliptic, running nearly 
in the same direction as the 
former, yet so as to cross it 
with a small angle, (say of 
23j^o,) both at the point 
where we now stand, for in< 
stance, and in the nadir, 
exactly opposite ; let there 
also be another road, to 
represent the prime meridi- 
an, running north and south, 
and crossing the first at 
right angles, in the common 
|K>int of intersection, as in 
the annexed figure. 

Let a carriage now start 
firom this point of intersec- 
tion, not in the road leading 

directly east, but along that of the eeliptic, which leaves the former a little to 
the north, and let a person be placed to watch when the carriage comes 
around again, aAer having made the circuit of the Earth, and see whether the 
carriage will cross the equinoctial road again precisely in the samt traeh 
as when it left the goal. Though the person stood exactly in the former track, 
he need not fear being run over, for the carriage wiH cross the road 100 rods 
west of him, that is. 100 rods west of the meridian on which he stood. It 
Is to be observed, that 100 rods on the equator is equal to 60| seconds oi a 
degree. 

If the carriage still continue to go around the Earth, it will, on completing 
its sei3ond circuit, cross the equinoctial path 200 rods west of the meridian 
whence it first set o\d ; on the third circuit, 300 rods west ; on the fourth 
circuit, 400 rods, and fio on, continually. After 71| circuits, tlie point of in- 
tersection "would be one degree west of its place at the commencement of 
the route. At this rate it would be easy to determine how many complcto 
circuits the carriage must perform before this continual falling back of the 
Intersecting point would have retreated over every degree of the orbit, until 
it reached a^aln the point from whence it first departed. The application of 
this illustration will be manifest, when we consider, further, that, 

The Sun revolves from one equinox to the same equinox 
again, in 365d. 5h. 48^ 47'^81. This constitutes the natu- 
ral, or tropical year, because, in this period, one revolution 
of the seasons is exactly completed. But it is, mean- 

The equinoctial points are continually movins ; how, then, is their position defined 
Ofve, at length, a famUiar UltutratUm by which thU atOject may be underttood. 
Suppose the carriage eontinuea it* circuit around the earth, where would it cron 
the equinoctial the 2d, 9d, and Ath times, <^c. ? After how many circuits would this 
faUins back qfthe equinoctial points amount to one degree on the ecliptic 7 In what . 
time docs tho Sun revolve from one equinox to the same squinox a«ain } What is this 
'lerifid called? 
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nrhile, to be ^rne in mind, that the equinox itself, during 
this period, has not kept its position among the stars, but 
has deserted its place, and fallen back a litSe vray to meet 
the Sun; whereby the Sun has arrived at the'equinoz before 
he has arrived at the same position among the stars from 
which he departed the year before ; and consequently, must 
perform as much more than barely a tropical reV^olution, to 
reach that point again. ' 

To pass over this interval, which completes the SutOs side- 
real revolution^ takes (20'.22''.94) about 22 minutes and 23 
seconds longer. By adding 22 minutes and 23 seconds to 
the time of a tropical revolution, we obtain 365d. 6b. 9ni. 
lO^s. for the length of a sidei'eal revolution ; or the time 
in which the Sun revolves from one fixed star to the same 
•tar again. 

As the Sun describes the whole ecliptic, or 360^^ in a trop- 
ical year, he moves over 59^ Sy of a degree every day, at a 
mean rate, which is equal to 50^'^ of a decree in 20 min- 
utes and 23 seconds of time ; consequently he will arrive at 
the same equinox or solstice when he is 50^'^ of a dejGprce 
short of the same star or fixed poin in the heavens, from 
which be set out the year before. So that, with respect to 
the fixed stars, the Sun and equinoctial points fall back, as 
it were, 1^ in 71f years. This will make the stars appear 
to have gone forward l^j with respect to the signs m the 
ecliptic, in that time : font must be observed, that the same 
signs always keep in the same points of the ecliptic, with" 
out regard to the place of the constellations. Hence it be- 
comes necessary to have new plates engraed for celes- 
tial globes and maps, at least once in 50 years, in order to 
exhibit truly U|^e altered position of the stars. At the pres- 
nt rate of motion, the recessionof the equinoxes, as it should 
e called, or the precession of the stars, amounts to SO^i or 
one whole sign, m 2140 years. 

Wlqrii it M called? Doe* tbe equmoK reniain itatioiMUT dnriof tMi period 1 Whet 
■BMihiftomthia) How loaf does it take the San to mm over the mtarvalUirocurlitritteli 
Che equinox has Uim retreated } What is the length of a lideieal revohitioa, and how it 
it determined ) What portion of the eeliptie doe* the Sun deacribe. at a mean rate, ever^ 
daj } What portion does it describe in 90 minute* and 38 second* 7 If the Sun and «qu«- 
aoetial points fall beck in theecliptio 60 1-4" of a deffee every year, ho\f many yeor* befixe 
this legmniton will amount to a degree 7 How will thi* anect the apoearance of the 
•tan What practical inconvenience re*ults from thi* fact? Inwhatpenodoftimedoei 
As VMoesakia of the stan unoui;it to 80«, or one whole sign 7 
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MOTION OF THfi STABS. 

Fig 23. 
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lb explain this bj a fignre ; Sappora the Ban to have been In eonjanetloD 
with a fixed star at 8, in the first decree or Tbaros, (the second sicn of tJie 
•eUpti<%)340 years before the birth or our Savionr, or about the 17tli year of 
Alexander the Great ; then having made 2140 revolutions through the ecliptic, 
be would be found again at the end of so many niiereal years at S; but at 
the end of so many Julian ywn^ he would be found at J, and at the end^of 
so many tropical yeartj wtuch would bring It down to the beginning of the 

K resent century, ne would be fonnil at T, in the first degree of Aries, which 
as roceded from 8 to T in that time by the precession of the equinoo* 
tial points Aries and Libra. The arc 8 T would be equal to the amount of 
the precession (for preeusion we must still call it) of the equinox in 2140 
years, at the rate of 60/' 23572 of a degree, or 20 minutes and 23 seconds of 
Unse annually, as above stated. 

From the constant ■retrog[radation of the equinoctial points, 
and with them of all the signs of the ecliptic, it ibllows that 
the longitude of the stars must continually increase. The 
fame cause affects also their right ascension and declination. 
Hence, those stars which, in the infancy of astronomy were 
in the sign Aries^ we now find in Taurus; and those which 
were in Taurus, we now find in Gemini, and so on. Hence 
likewise it is, that the star which rose or set at any particu- 
lar time of the year, in the time of Hesiod, Eudozus, Virgil, 
Pliny, and others, by no means answers at this time to their 
descriptions. 



Efplain tM* hy a dUuram. How does the retminulatioo of the eqafaioelia] points 
anect the iondr<rtMi« of the Stan 7 Doei the •ame eauw extend to their right i 
wadeelinalioaalio? How ■ this rendered appaient I 

23 



tGO PRECE8£aON OF THE EQUmOXES, MT. 

* Healod, In hi* Opera et Diea^ lib. IL verse 185, nyi: 
When from the solstice sixty wintry days 
Their turns have finish'd, marlc, with glitt'rioff rays, 
From Ocean's sacred Aood, Arctums rise, 
Then first to gild the dusky evening slcies. 

Bat Arcturns nou> rises acronycally in latitude 37^ 46' N. the latftnde ' 
Besiod, and nearly that of Richinond, in Virginia, about lOO-days after tb« 
winter solstice. Supposing Hesiod to be correct, there is a -difference of 41 
days, arising from the precession of the equinoxes since the days of Hesiod 
Now as there is no record extant of the exact period of the world when thii 
poet flourished, let us see to what result astronomy will lead us. 

As the Sun moves through about 39^^ of the ecliptic in 40 days, the winiei 
solstice, in the time of Hesiod, was in the 9th degree of Aquarius. Now es 
timating the precession of the equinoxes at 50^' in a year ; we shall have 
60^'' : 1 year : : 39^^ : 2794 years since the time of Hesiod ; if we substrAct froop 
this OUT present era, 1836, it will give 958 years before Christ. I^mpriere, in 
his ClassicaP Dictionary, savs Hesiod lived 907 years before Christ See • 
nmilar calculation for the tune of Thalea. , «ge M. 

The retrograde movement of the equinoxes, and the an- 
nual extent of it, were determined by comparing the longitude 
of the same stars, at different intervals of time. The most 
careful and unwearied attention was requisite in order to 
determine the cause and extent of this motion ; — a motion 
so very slow as scarcely to be perceived in an age, and oc- 
cupying not less than 25,000 y^.ars in a single revolution. 
It nas not yet completed (me quarter of its JUrst circuit in 
the heavens since the creation. 

Thus observation has not only determined the abso- 
lute motion of the equinoctial points, but measured its limit; 
it has also shown that this motion, like the causes which pro- 
duce it, is not uniform in itself: out that it is constantly ac- 
celerated by a slow arithmetical increase of 1" of a degree 
in 4,100 years. — A quantity which, though totally inappre- 
ciable for short periods of time, becomes sensible aiter a 
lapse of ages. For example : The retrogradation of the 
equinoctial points is now greater by nearly y than it was 
in the time of HipparchiM, the first who observed this mo- 
tion ; consequently, the mean tropical year is shorter now by 
about 12 seconds than it was then. For, since the retro- 
{^radation of the equinoxes is now every year greater than 
It was then, the Sun has, each year, a space of nearly ^ 
less to pass through in the ecliptic, in order to reach the 
plane or the equator. Now the Sun is 12 seconds of time in 
jrissing over y of space, ^ 

At present, the equinoctial points move bacArtranA or 
from east to we§t along the path of the ecliptic at the rSbe ot 

Mention an example. HiaUtry doe» not enable vetojtx the preciee age of the toorAi 
in tpAicA Heetod flourished; what light does astronomy shed upon this qtustioHf 
By ^hat means was the retrogradation of the equinoxes deteraiinea } Why was it dtifi 
cu!t to determine the cause and extent of this motion 1 Not to specify particular eaaos. 
wnat has observation at length determined, with respect to the litnit and uniformity <i 
ibis Mickward movement of the equinoctial points ? Give an example. Why sbcHild the 
mpical year on thin account, be shorter now than it was then } What is the present nit» 
w mntmn nf the vquiauctial points ) 
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f ^ in 71f years, or one whole sign, in 2140 years. Con* • 
tinuiDg at this rate, thev will fall back through the whole 
of the 12 signs of the ecliptic in 25,680 years, and thus re* 
turn to the stimeposition among the stars, as in the beginning. 

But in determining the period of a complete revolution 
of the' equinoctial points, it must be borne in mind that the 
motion itself is continually increasing ; so that the last quar- 
ter of the revolution is accomplished several hundred years 
sooner than the first quarter. Making due allowance for this 
accelerated progress, the revolution of the equinoxes is com- 
pleted in 25,000 years ; or, more exactly, in 24,992 years. 

Were the motion of the equinoctial points unfGlrm : that 
is, did they pass through equal portions of the ecliptic in 
equal times, they would accomplish their first quarter, or pass 
through ih^ first three signs of the ecliptic, in 6,250 years 
But they are 6,575 years in passing through the first quar- 
ter.; about 218 years less in passing through the second 
quarter; 218 less in passing throus^h the third, and so on. 

The immediate consequence of the precession of the equi- 
noxes, as we have already observed, is a continually pro- 
gressive increase of longitude in all the heavenly boaies. 
For the vernr^l equinox being the initial point of longitude, 
as well as of right ascension, a retreat of this point on the 
ecliptic tells upon the longituaes of all alike, whether at rest 
or in motion, and produces, so far as its amount extends, the 
appearance of a motion in longitude common to them all, 
as if the whole heavens had a slow rotation around the poles 
of the ecliptic in the long period above mentioned, similar to 
what they have in every twenty-four hours around the poles 
of the equinoctial. As the Sun loses one day in the year 
on the stars, by his direct motion in longitude ; so the equi- 
nox gains one day on them, in 25,000 years, by its retrograde 
motion. 

The cause of this motion was unknown, until Newton 
proved that it was a necessary consequence of the rotation 
of the Earth, combined with its elliptical figure, and the un* 
equal attraction of the Sun and Moon on its polar and equa- 
torial regions. There being more matter about the Earth's 
equator than at the poles, the former is more strongly at- 
trficited than the latter, wnich causes a slight gyratory or 

In what timet continuing at the lame rate, will they fall back through the twelve signe 
of the ecliptic 7 In determining the exact penod of a complete rerolation oC the equinoctial 
pointa, what imnortant ciraumitanoe muat be borne in mind ? Making due allowance fan 
their aoceierated progreM, in what time is a revolution nf the equtnoxel conopleted ? la 
uin motion as quick in the first quarter of their revolution as in the last} what is the 
time and difference, of dmcribing each quarter? What is the immediate consequence of 
the pvecesuon of the equinoxes upon the position of the heavenly bodies 7 Explain how 
th^ take<) place. How does this resemble the annual loss of a sidnettl day by the Soul 
What ia the cause of this motioa} 
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bluing motion of the poles of the Earth around tnose of 
the ecliptiCj like the pin of a top about its centre of motion, 
when it spms a little obliquely to the base. 

The precession of the equinoxes, thus explained, consists 
in a real motion of the pole of the heavens among the stars, 
in a small circle around the pole of the ecliptic as a centre, 
keeping constantly at its present distance of nearly 23 j^ 
from it, tn a direction from east to west, and with a progress 
so very slow as to require 25,000 years to complete the cir- 
cle. During this revolution it is evident that the pole will 
point successively to every part of the small circle in the 
neavens which it thus describes. Now this cannot happen 
without producing corresponding changes in the apparent 
diurnal motion oi the sphere, and in the aspect which the 
heavens must present at remote periods of time. 

The effect of such a motion on the aspect*of the hea- 
vens, is seen in the apparent approach of some stars and cmi* 
stellations to the celestial pole, and the recession of others 
The bright star of the Lesser Bear, which we call the poU 
8tar, has not always been, nor will always continue to be, 
our polar star. At the time of the construction of the ear- 
liest catalogues, this star was 12^ from the pole ; it is now 
only 1^ 34^ from it, and it will approach to within half a 
degree of it ; after which it will again recede, and slowly 
give place to others, which will succeed it in its proximity 
to the pole. 

The pole, as above considered, Is to be anderstood, merely, as the vtut- 
Uhing point of the Earth's axis ; or that point in the concave sphere wbieh 
is ahoaya oppotiU the terrestrial pole, and which consequently must move 
as that moves. 

The precession of the stars in respect to the equinoxes, 
is less apparent the gfaater their distance from the ecliptic ; 
for whereas a star in tl^ zodiac will appear to sweep the 
whole circumference of de iieavens, in an equinoctial year, 
a star situated within the polar circle will describe only a 
very small circle in that period, and by so much the less, 
as It approaches the pole. The nortn pole of the earth 
being elevated 23^ 27^' towards the tropic of Cancer, the 
eircum polar stars will be successively, at the least distance 
from it, when their longitude is 3 signs, or 90^. The posi 



Admitting this explanation, in what does the pieoeuion of the equinoxes really eoositi i 
ro what point in the heavens will the pole of the Earth be directed, dvmng the revolution > 
How must this aflbet the diurnal motion and aspect of the heavens, in remote ngt>9 * 
Wherein will the eflbets of luch a motion be particolari« visible? Give an itwtaiirA 
IVheM you rpeak (iftht polb a» in motion, what i» to he underetood by that tertu f U 
Hie viieeession of the stais, with mspect to the equinuxes, equally apparent in i-vcyt port 
sftfic heavens} At what kioffiUide do the circunuwlBrBtBisapiiRMAh nearest the ihiVi' 
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lion of the north polar star in 1S36, will be in the 17° of Taz** 
rus ; when it arrives at the first degree of Cancer, which it 
will do in about 250 years, it will be at its nearest possible 
approach to the pole — namely, 29^ 55". About 2900 years 
before the commencement of the Christian era, Alpha Dra- 
conis, the third star in the Dragon's tail, was in the first de- 
fi^ree of Cancer, and only lO' from the pole ; consequently 
It was then the pole star. After the lapse of 11,600 years, 
the star Lyra, the brighest in the northern hemisphere, will 
occupy the position of a pole star, being then about 5^ from 
the pole ; whereas now its north polar distance is upwards 
of 51°. 

The mean average precession from the creation (4004 B. C) to the ^ear 
1800, is 49".61466 ; consequently the ei^uinoctial points have receded smce 
the creation, 2 s. 14^ 8' 27''. The longitude of the star Beta Arietta^ was, in 
18-10, 31 o 27' 28^' : Meton^ a famous mathematician of Athens, who flourished 
430 years before Christ, says this star, in his time, was in the vernal eqmnox. 
If ho is correct, then 3P 27' 28", divided by 2250 years, the elapsed time, 
will give 50|" for the precession. Something, however, must be allowed 
fof*the imperfection of the instruments used at that day, and even until the 
sixteenth century. 

Since all the stars complete half a revolution about the 
axis of the ecliptic in about 12,500 years, if the North Star 
be at its nearest approach to the pole 250 years hence, it 
will, 12,500 years afterwards, be at its s^reatest possible 
distance from it, or about 47^ above it : — That is, the star 
itself will remain immoveable in its present position, but the 
pole of the Barth will then point as much helow the pole of 
the ecliptic, as now it points above. This will have the 
efiect, apparently, of elevating the present polar star to twice 
its present altitude, or 47°. Wherefore, at the expiration 
of half the equinoctial year, that point in the heavens which 
is now 1° 18' north of the zenith of Hartford, will be the 
place of the north pole, and all those places which are situa- 
ted 1^ 18' north of Hartfo^d^ will then have the present pole 
of the heavens in their zenith. 

OBLiaUlTY OF THE ECLIPTIC. 

The distance between the equinoctial and either tropic, 
measured on the meridian, is called the Obliquity of the 
Ecliptic : or, this obliquity ms^y be defined as the angle form- 

Vriiat is tiie position, at present, of the north polar star, and when will it make its 
nearefit possible approach to the true pole of the Iwavens 1 At what period has any other 
•tar been the poior star? When will the star Lyrut which is move than SO* from it, bo 
the nortii polar star? What vxu the mean annual prece»$ionfrom the creation to the 
year ISOO, and hoie much did it amount to in that period ? When toae Beta Arietta 
in the equinox, 0*4 what ie U» longitude now 7 when will oar pi«tent north star be 
at its least, and when st its greatest distance from the pole 7 In Uiis case, \a it meant that 
the star itself will move, or the pole? In what manner? What, then, must be tlie ap- 
parent effect } lUmtrate these phenomena by a diagram. What ts the obliquity of 
iheecUptic? 

23* 
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e'l by the intersection of the celestial equator with the eclt^ 
tic. Hitherto, we have considered these great primary 
circles in the hearens, as never varying their position in 
space, nor with respect to each other. But it is a remarkable 
and well ascertained fact, that both are in a state of constant 
change. We have seen that the plane of the Earth's equator 
is constantly drawn out of place by the unequal attraction 
of the Sun and Moon acting in different directions upon the 
unequal masses of matter at the equator and the poles ; 
whereby the mtersection of the equator with the ecliptic is 
constantly retrograding — thus producing the precession of 
the equinoxes. 

The displacement of the ecliptic, on the contrary j is pro- 
duced chiefly by the action of the planets, particularly of 
Jupiter and Venus, on the Earth ; by virtue of which the 
plane of the Earth's orbit is drawn nearer to those of these 
two planets, and consequently, nearer to the plane of the 
equinoctial. The tendency of this attraction oi the planets, 
therefore, is to diminish the angle which the plane of the 
equator makes with that of the ecliptic, bringing the two 
planes nearer together ; and if tbe Earth bad no motion of 
rotation, it would, in time, cause the two planes to coincide. 
But in consequence of the rotary motion of the Earth, the 
inclination of these planes to each otber remains very nearly 
the same ; its annual dimmution being scarcely more than 
three fourths of one second of a degree in a year. 




nation of 0".46. This diniinutioD, however, is subject to a slight semick^. 
noal variation, from the same causes which produce the displacement of 
the plane of the ecliptic, in precession. 

The attraction of the Sun and Moon, also, unites w^u* liiat 
of the planets, at certain seasons, to augment the diminution 
of the obliquity, and at other times, to lessen it. On this 
account the obliquity itself is subject to a periodical varia- 
tion ; for the attractive power of the Moon, which tends to 
produce a change in the obliquity of the ecliptic, is variable^ 
while the diurnal motion of the Earth, which tends to pre- 
vent the change from taking place, is constant. Hence 
the Earth, which is so* nicely poised on her centre, hows a 

In what light have we Utfaerto eooridered the great circles of the heavens 7 But what 
is the ftet f By what came is the displaeement of tiw equinoctial, or the (>Iaoe of the 
Eaith*s equator, ^Bfeeted 7 How is the displacement of the plane of the ediptic effected] 
If the planetarjr attmotion tends eonstantiy to draw the planes of tbe equinoctial and 
•difitie neater toffetfaer. what is to prevent them from cunciding in one and the same 
IMIBSI How mueh b the distance or an^e bet%raen them diminished every year ? Whtt 
MtHt^ie oNAiiftfiy qjr the eeNj>«e, or the quantity (ffthU angle, at Oie commeneemmU 
SHMM'SMn/ cmtwy 7 Uthe anntuU diminution qf ths obUquity mtiieet to fffijif 
^tmmmt Vmmwhateamel Whatefieothsstheattractionof the SuoandBloo« 



OBLU&CITY OF TBB ECUPTia STl 

iMlle to the nfluence of the Moon, and rises again, alternate- 
ly, like the gentle oscillations of a balance. This curious 
|»ienomenon, is called Nutation, 

In consequence of the yearly diminution of the obliquity 
of the ecliptic, the tropics are slowly and steadily approach- 
ing the equinoctial, at the rate of little more than three 
fourths of a second every year ; so that the Sun does not 
now come so far north of the equator in sumtner, nor de- 
cline so far south in winter, by nearly a degree, as it must 
have done at the creation. 

The most obviods effect of this diminution of the obliqui- 
ty of the ecliptic, is to equalize the length of oar days and 
nights ; but it has an effect also to change the position of 
the stars near the tropics. Those which were formerly 
situated north of the ecliptic, near the summer solstice, are 
now found to be still farther north, and farther from the 
plane of the ecliptic. On the contrary, those which, accord- 
ing to the testimony of the ancient astronomers, were situ- 
ated south of the ecliptic, near the summer solstice, have ap- 
proached this plane, insomuch that some are now either 
situated within it, or just on the north side of it. Similar 
changes have taken place with respect to those stars situ- 
ated near the winter solstice. All the stars, indeed, parti- 
cipate more or less in this motion, but leaa, in proportion to 
their proximity to the equinoctial. 

It is important, however, to observe, that this diminution 
will not always continue. A time will arrive when this 
motion, growinp^ less and less, will at length entirely cease, 
and the obliquity will, apparently, remain constant for a 
time ; after which it will gradually increase again, and con- 
tinue to diverge by the same yearly increment as it before 
had diminished. This alternate decrease and increase will 
constitute an endless oscillation, comprehended between cer- 
tain fixed limits. Theory has not yet enabled us to deter- 
mine precisely what these limits are, but it may be demon- 
strated from tne constitution of our globe, that such limits 
exist, and that they are very Restricted, probably not exceed- 
ing 2^ 42'. If we consider the effect of this ever varying 
attribute in the system of the universe, it may be affirmed 



What renilte from tliii alteraate and opposite influence f By what token doee the 
Earth show her respeet to Uiia influence of the Moon? What ni Una phenomenon caHedf 
What is the consequence of the yearly diminution of the ubiiquitjrof the ecliptic in mnect 
to the position of the trofMcs, and the declination of the Sun 7 What other obvious elfeets 
result Aom this diminution 1 How does it aflect the declination of tlie stani near tht 
soistiees7 Do all the stars partake, more or less, in this motion ) Will this dinunuiiaa 
orthe obliquity always continue 7 What are tiie limU9 of its alternate variation I What 
would be the consequence, in respect to the seasons, should the pbine of the eclir tic evd 
•tfincide widi the plaiie orthe eiiualor I 
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that the plane of the ecliptic never has coincided with th« 
plane of the equator, and never will coincide with it. Such 
a coincidence, could it happen, would produce upon the 
Earth perpetual spring. 

The method used by astronomers to determine the obli- 
quity of the ecliptic is, to take half the difference of the 
greatest and least meridian altitudes of the Sun. 

The following table exhibits the mean obliquity of the 
ecliptic for every ten years during the present century. 



1800 , 


23° 27' 51" 


.78 


1860 


230 27' 27'' 


J?6 


1810, 


" 23 27 50 


.21 


1780 


23 27 22 


.79 


1820 


23 27 45 


.64 


.1880 


23 27 18 


.22 


1830 


23 27 41. 


.07- 


1890 


23 27 13 


.65 


1840 


23 27 36 


.50 


1900 


23 .. 27 9 


.08 


1850 


23 27 31 


.93 


1910 


23 27 4 


.52 
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THE TIDES. 

The oceans, and all the seas, are observed to be Incessant- 
ly agitated for cettain periods of time, first from the east 
.towards the west, and then again from the west towards the 
east. In this motion, which lasts about six hours, the sec 
gradually swells ; so that entering the mouths of rivers, it 
drives back the waters towards their source. After a con- 
tinual flow of six hours, the seas seem to rest for about a 
quarter of an hour ; they then begin to ebb^ or retire back 
again from west to east for six hours more; and the' rivers 
again resume their natural courses. Then after a seem- 
ing pause of a quarter of an hour, the seas again begin to 
flow, as before, and thus alternately. This resfular alternate 
motion of the sea constitutes the tides, of which there are 
two in something less than twenty-five hours. 

The ancients considered the ebbing a^ flowing of the tides as one of the 
greatest mysteries in nature, and were utterly at a loss t< account for them. 
Galileo and Descartes, and particularly Kepler, made some successful 
atdvances towards ascertaining the cause; but Sir Isaac Newton was iha 
first Who clearly showed what were the chief agents in producing these 
motions. 

The cause of the tides, is the attraction of the Sun and 
Moon, but chiefly of the Moon, upon the waters of the 

.^What is the method used by astronomera for determininar the obliquity <^ the ecliptiel 
^'vha^ngnlar motion fai observed in the great body of waters upon the clobe? In whaft 
Mwdi of time is this alternate ebtxns and flowing accomplished) what is it called? 
ntmtMnthete phenomena ret^arded by the tuiderua 7 Who aecertained tMr tn^e 
Mmt ^HMt is the caoae of the titles) 
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oe^In. In virtue of grantatioD, the Moon, by her atlrao* 
tion, draws, or raises the water towards her; but because 
the power of attraction diminishes as the squares of the dis- 
tance increase, the waters on the opposite side of the Earttt^- 
are not so much attracted as they are on the side nearest 
the Moon. 

That the Moon, nys Sir John Herschel, shoald, by her attraction, heap 
lip the waters of the ocean under her, seems to most persons very naturml{ 
but that the saoie^ cause should, at the same time, heap them up 6n the oppo- 
site side, seems, to many, palpably absurd. Yet nothing is more true, nor 
Indeed more evident, when we consider tliat it is not by her whole attraction, 
but by tlie differences of her attractions at the opposite surfaces and at the 
centre, that the waters are raised. 4. 

That the tides are dependent upon sirme known and determii^ate tanwa, is 
evident from the exact lime of high water being previously given in every 
;phemeris, an(i in many of the common almanacltft. 

The Moim ccraes every day later to the meridian than on the day preceding. 
Jtnd her exact tim& is known by calculation ; and the tides in any aiM 
everv place, will be found to follow the same rule ; happening exactly •*»» 
much later every day as the Moon comes later to the meridian. From rrtis 
exact conformity to the motions of Che Moon, we are Induced to look to ner 
aa the cause; aud to infer that these phenbmena are occasioned principally 
bj the Mooo's attracUon. 
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If the Earth were at rest, and there were no attractive in- 
fluence from either the Sun or Moon, it is obvious from the 
principles of gravitation, that the waters in the ocean would 
be truly spherical ; (as represented by Fig. 24 ;) but dail^ 
observation proves that they are in a state of continual agi- 
tation. 

If the Earth and Moon were without motion, and the Earth 
covered all over with water, the attraction of the Moon would 
raise it u| in a heap, in that part of the ocean to which the 
Moon is vertical, as in Figure 25, and there it would, prob- 



How does the attraetaoa of the San and Moon pradoeo tides npon both sides of tint 
earth at the same tiino) What is Sir John HerachePt remark upon thU theory 7 
Hole ia it known that the tidee are governed by any aeeertuined law 7 What eoinci' 
denee it obeerved behoeen the tneridtan paeeage of the Moon, and the time of high 
footer 7 What eoneluelon moM toe derive from th>9 coincidence 7 If the Earth weie 
at rsit, and under no tnfluenoe from tiie attraetian of the Sun or Moon, what ihape would 
liie watefs anume 7 Sappose the attractive power of tlie Moon utNm the Earth to he at 
it Is, and neither the Earth or Mood to iiave any motion, what would bo the result? How 
would this floodition of tUngi be aftcted by the Baith'a rotation) 
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abJy, alwa]^s cod tin ue ; but by the rotation of the Earth 
upon its axis, each part of its surface to which the Moon is» 
vertical is presented to the action of the Moon : wherefore, 
as the quantity of water on the whole Earth remains ttie 
same, when the waters are eleyated on the side of the Earth 
under the Moon, and on the opposite side also, it is evident 
they must recede from the intermediate points, and thus the 
attraction of the Moon produce high water at two opposite 
places, and low water mi two opposite places, on the Eartlx, 
at the same time, as represented by Figure 26. 

Thig is eTident from the figure. The waters cannot rise in one place, 
without falling in another ; and tlierefore they must fall as low in the lioiizoii, 
at C and D, as they rise in the zenith and nadir, at A and Jk Fig. 27. 

THE TIDES. 

Fig. 27. 
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It has already been shown, under the article gravitation 
that the Earth and Moon would fall towards each other, bj 
the power of their mutual attraction, if there were no centri- 
fugal force to prevent them ; and that the Moon would fall 
as much faster towards the Earth than the Earth would fall 
towards the Moon, as the quantity of matter in the Earth is 
ereater than the quantity of matter in the Moon. The same 
law determines also the size of their respective orbits around 
their common centre of gravity. 

If follows then, as we have seen, that the Moon does net reTolve, strict 
ly speaking, around the Earth as a centre^ but around a point between tkem, 
which is 80 times nearer the Earth than the Moon, and consequently is ska- 
ated about 3000 miles from the Earth's centre. It has also been shown, that 
all bodies moving in circles acquire a centrifugal force proportioned to their 
respective nuisses and velocity. From these facts, some philosophers account 

If the Earth and the Moon matually attmct each other witji so mach fiwoe, what jfn 
vents their eoRiinf togetlierl Bat eentfifugal force results only ftora circular motioni 
does the Earth then areulate around the Moon to acquire the centrifugal force by whicK 
It n keot ftvmi falling upon the Moon ? f Jn«. The Earth does not circulate aniund the 
Moon, but around the oommun centre of gravity between it and the Moon. J Where is this 
centap situated, and in wlat time does the Earth revolve Jibout ill [Ant, The eeotre of 
g^rlty, between the Earth and Moon, is edxnit 3000 miles from the Earth's centie, around 
wMch it revolves every htnar month, or as often as the Momi revolves around the E^rtb.] 
mgmtheJitetifftJie Earth'* motion, as in the cate dfteribed, hoxo do wmt vhiUrn^ 
Mmn Mccomatfor high imier on the tide ofth* Earth, opposite to the Moonf 
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tor utgh water on tho tide of the Earth opposite to the Moon, in the Ibllowlns 
manner : 

As the Earth and Moon move around their coinmoo centre of gravity, that 
pari of the Earth which ia at any time turned from the Moorii oeing about 
/(XK) miles farther from the centre of gravity, than the aide next the Moon, 
would have a greater centrifugal force than the aide nest her. At the Earth's 
centre, the centrifugal force will balance the attractive force ; therefore as 
much water is thrown off bv the centrifugal force on the aide which ia turned 
from the Moon, as is raised on the side next her by her attraction. 

From the universal law. that the force of gravity dimin- 
ishes as the square of the distance increases, it results, that 
the attractive power of the Moon decreases in intensity at 
every step of the descent from the zenith to the nadir; and 
consequently that the waters on the zenith, being more at- 
tracted by the Moon than the Earth is at its centre, move 
faster towards the Moon than the Earth's centre does: And 
jis the centre of the Earth moves faster towards the Moon 
than the waters about the nadir do, the waters will be, as it 
were, left behind, and thus, with respect to the centre, they 
will be raised. 

The reason why tho Earth and waters of onr globe do not seem to be af> 
fected equallv by the Moon's attraction, is, that the earthy aabstance of the 
globe, being firmly united, does not yield to any difference of the Moon's at- 
tractive force ; insomjuch tiiat itn upper and lower surface must move equally 
last towards the Moon ; whereas the waters, cohering together but very light* 
ly, yield to the different degrees of the Moon's attractive force, at different 
distances from her. 

The length of a lunar day, that is, of the interval from 
one meridian passage of the Moon to another, being, at a 
mean rate, 24 hours, 48 minutes and 44 seconds^ the inter- 
val between the flux and the reflux of the sea is not, at a 
mean rate, precisely six hours, but twelve minutes and 
eleven seconds more, so that the time of high water does 
not happen at the same hour, but is about 49 minutes later 
every day. 

The Earth revolves on its axis in about twenty-four hours ; 
if the Moon, therefore, were stationary, the same part of our 
globe would return beneath it, and there would be two tides 
every twenty -four hours ; but while the Earth is turning once 
upon its axis, the Moon has gone forward 13° in her orbit-- 
which takes forty-nine minutes more before the same meri- 
dian is brought again directly under the Moon. And hence 
every succeeding day the time of high water will be forty- 
nine minutes later than' the preceding. 

For example :— Soppoae at any place it be high water at 8 o'clock in the 
afternoon, upon the oay of new Moon ; the following day it will be high watei 
about 49 minutes after 3 ; the day after, about 38 minutes after 4; and so on 

How is this piienomentMi otherwise explained, br tlie laws of gravity, ineiely ? Are tht 

Earth arul xoatera of the globe effected egiuUly, by the Moon'a attraction 7 WTm noti 

VThat IS the avcrase interval betwoen the flux and reflux of the sea 7 What is thelengtl: 

«f a lunar djiy, anJof the intprvnl of thfl flux nnd rfrflux <»r the seal ''aw i» Uiis de«N 

etanl-xtion of tliR tides* sccuuntoii tor J G re an eS'ttuft 1 1 
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Ml tlie next new Moon. The ejaot (Uly mean retardalkNi of the tides li time 
4etermfned : 

Tlie mean motion of the MooHt in a eolar daj, la Id**. 17630639 
The mean motion of the Bun, in a liolar day, in .98664722 

Now, aa 160 iato fiOminotea. ao ia 120. 19074917 to 48^44'*. 

It is obrious that the attraction of the Sun mast produce 
upon the waters of the ocean a like effect to that of the 
Moon, though in a less degree ; for the ^eat mass of the 
Sun is more than compensated by its immense distance. 
Nevertheless, its effect is considerable, and it can be shown, 
that the heignt of the solar tide is to the height of the lunar 
tide as 2 to 5. Hence the tides, though constant, . are not 
equal. They are greatest when the Moon is in conjunction 
with, or in opposition to, the Sun, and least when in quad 
rature. For in the former case, the Sun and Moon set to- 
gether, and the tide will equal the sum of the solar and lunar 
tides, and in the latter they act against each other, and the 
tide will be the difference. 

The former are called Spring Tides; the latter. Neap 
TSdes, The spring tides are highest, when the Sun and 
Moon are near the equato-^ Zlh^ the Moon at her least distance 
from the EartH Tne neap tides are lowest, when the Moon 
in her Urst and second quarters is at her greatest distance 
from the Earth. The general theory of the tides is this : 
When the Moon is nearest the Earth, her attraction is str^'ng- 
est, and the . tides are the highest ; when she is farmest 
from the Earth, her attraction is least, and the tides are tht 
lowest. 

From the above theory, it might be supposed that the tides 
would be the highest when the Moon was on the meridian. 
But it is found that in open seas, where the water flows 
freely, the Moon has generally passed the north or south 
meridian about three hoitrs, when it is high water. The 
reason is, that the force by which the Moon raises the tide 
continues to act, and consequently the waters continue to 
rise. aAer she has passed the meridian. 

For the same reason, the highest tides, which are pro- 
duced by the conjunction and opposition of the Sun and 
Moon, do not happen on the days of the full and change ; 
neither do the lowest tides happen on the days of their 
quadratures. — But the greatest spring tides commonly hap- 



^AiethetUleiimiilMinlfliifhf Wheei and on wlnt aeeoant do the? diflbrl Whataie 
tlMM,eztieme tide* calledl When aie the sprinf tide* higheat) When are the neaa 
UdM lovnaifi Wbtit ia the general theory upon this raloect? Doe* it neeeHVrilj mMH 
from tfau tiieonr. tint the Udeishishett when the Moon ie on the meridian} What; 
lianicnedftrthii? What aimiJar fitct ia accounted iar upon the nme pdneipJet 
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pen LJ- days afUr the new and full Moons ; &nd the •east 
Heap tidPM \\ tLays aSier the first and third quarters. 

The Ban and Moon, by reason of the elliptical form of their orbits, mre ■! 
leroately nearer to and fartlier from the Earth, than their mean distaneea 
In consequence of this, the efficacy of the Sun will fluctuate between the ex* 
tremea 19 and 21, talcing 20 for its mean value, and between 43 and 69 foi 
that of the Moon. Talcing into acpount this cause of difference, the highest 
spring tide will be to the lowest neap as 6H~21 is to 43—19, or as 80 to 2^ 
or 10 to 3. The relative mtan influence is as 51 to 20, or as 6 to S^ mafl^. — 
titsTKhtV* Astr. p. 339. 

Though the tides, in open seaa^ are at the highest about 
three hours after the Moon has passed the meridian, yet the 
waters in their passage through shoals and channels, and by 
striking against capes and headlands, are so retarded that, 
to different places, the tides happen at all distances of the 
Moon from the meridian ; consequently at all hours of the 
lunar day. 

In small collections of water, the Moon acts at the same 
time on every part ; diminishing the gravity of the whole 
mass. On this account there are no sensible tides in lakes, 
they being generally so small that when the Moon is verti- 
cal, it attracts every part alike ; and by rendering all the 
waters equally light, no part of them can ^e raised higher 
than another. The Mediterranean and Baltic Seas have 
very small elevations, partly for this reason, and partly be- 
cause the inlets by which they communicate with the ocean 
are so narrow, that they cannot, in so short a time, either 
receive or discbarge enough, sensibly to raise or sink their 
surfaces. 

Of all the causes of difference in the height of tides at 
different places, by far the greatest is local situation. In 
wide-mouthed rivers, opening in the direction of the stream 
of the tides, and whose channels are growing gradually 
narrower, the water is accumulated by the contracting 
banks, until in some instances it rises to the height of 20, 
30, and even 50 feet. 

Air being lighter than water, and the surfa9e of the at- 
mosphere being nearer to the Moon than the surface of the 
sea. it cannot be doubted but that the Moon raises much 
higher tides in the atmosphere than in the sea. According 
to Sir John Herschel these tides are, by very delicate ob- 
servations, Tendered not only sensible, hut measurable. 

Upon the snpposttion that the waters on the surlace of the Mbon ars d 

What ia tlie eomparmtivefMree tif the $6lar and hmar attntttianvfon Ou Bmrlht 
'Pd what b owing the great diffirettoe in the time of higfi water at plaoes lying under tlia 
same meridian) Why are there no tides upon lakes, and smaU ooUeetlons of water? 
To what cause, more tnan to all others, is the diflerent height of tides owing? Ezplaia 
Ihis. Is it probable that the Moon exerts any influence of attraction on the atmospliero 7 
^hy is it probable 7 Are the atoKwpharietiasBiiiflkiently sensible to be apiiveoialsdf 

24 
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the BUTie tpeeiflc gnvltj ai oar nwn, we micht cMlly detennine the tieif M 

to which the Earth would raise a Iiinar tide, by the known priucijiK iha^ ih«i 

attraction of one or " 

quantity of matter, aod 

(re shall find the attractive power of the Earth apon 

times greater than that of the Moon upon the Earth. 



ouiu raise a iiinar iiue, oy tne known pnucipl'^, iha^ ir.«i 

these bodies on the other's surface is eurectly a^ itx 

od invenely as its diameter. By makiojl the calculatkH!. 

active power of the Earth apon the Moon to be 2; .777 



CHAPTER XXIII. 

9 

rBB SEASONS — DIFFERENT LENGTHS OF THE DAYS AND NIGBl 9. 

The vicissitudes of the seasons and the unequal lengths 
of the days and nights, are occasioned by the annual revo- 
lution of the Earth around the Sun, with its axis inclined to 
the plane of its orbit. 

The temperature of any part of the Earth's surface depends 
mainly, if not entirely, upon its exposure to the Sun's rays. 
Whenever the Sun is above the horizon of any place, that 
place is receiving heat ; when the Sun is below the horizon 
It is parting with it, by a process which is called radiation. 
The quantities of heat thus received and imparted in the 
course of the year, must balance each other at every place, 
or the equilibrium of temperature would not be supported. 

Whenever, then, the Sun remains more ihan twelve hours 
above the horizon of any place, and less beneath, the gen- 
eral temperature of that place will be above the mean stale ; 
when the reverse lakes place, the temperature, for the same 
reason, will be below the mean state. Now the continuance 
of the Sun above the horizon of any place, depends entirelv 
upon his declination, or altitude at noon. About the 20tn 
of March, when the Sun is in the vernal equinox, and coa- 
sequenlly has no declination, he rises at six in the morning 
and sets at six in the evening; the day and night are then 
equal, and as the Sun continues as long above our horizon 
as below it, his influence must be nearly the sfime at the 
same latitudes, in both hemispheres. 

From the 20th of March to the 21st of June, the days 
grow longer, and the nights shorter, in the northern hemis- 
phere the temperature increases, and we pass from* spring 
to mid-summer ; while the reverse of this takes place in the 

* Bow mueh greater ft the nttraettve power of the Earth vvon the Moon, than that of 
th» Moon t*pon the Earth? What occaiioiu the v ciMitudeis of th» »ea cjm. and he 
unrqual lengths uf the dayi and niishts ? Vpr.n whxt does the tempvrutuir a differ- 
•m pi, le* def-endf Under w at cirrtiin>fapeeB do the ■nmeplHres rhnnco their 
U:m|ieratiir<4 f Are the quMntittet of heat ^ eeived and imparted, ev. ry yeor e^lwny* 
*""»• ft the KRine olaeca i Why i« it ao ( When is the tempeni'urr* of a place aiOM. 
■!VJ*"«" t* It below its mean atntn) Upon ^hat does the continuance of the San 
anove •ht'Jiorizon of any ptec. depend? "When ia the Bun ai Ion«r above our hori* 
aoo ac below it) Pu'iac what aesMoo of the ye. r is the tempemtuie inrreai>iDK > 
% 
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Miucuern hemisphere. From the 21st of June to the 23d of 
Septemher, the days and nights again approach to equality, 
and the excess of temperature in the northern hemisphere 
aboye the mean state, grows less, as also its defect in the 
southern ; so that, when the Sun arrives at the autumnal 
equinox, the mean temperature is again restored. From 
the 23d of September until the 21st of December, our nights 
grow longer and the days shorter, and the cold increases as 
before it diminished, while we pass from autumn to mid- 
winter, in the northern hemisphere, and the inhabitants of 
the southern hemisphere from spring to mid-summer. From 
the 21st of December to the 20th of March, the cold relaxes 
;\s the days grow longer, and we pass from the dreariness of 
winter to th^ mildness of spring, when the seasons are com- 
pleted, and the mean temperature is again restored. The 
same vicissitudes transpire, at the same time, in the southern 
hemisphere, but in a contrary order. — Thus are produced 
the four seasons of the year. 

But I have stated not the only, nor, perhaps, the most 
efScient cause in producing the heat of summer and the cold 
of winter. Ifp to the inhabitants of the equator, the Sun 
were to remam 16 hours below their horizon, and only 8 
hours above it, for every day of the year, it is certain they 
would never experience the rigours of our winter ; since it 
can be demonstrated, that as much heat falls upon the same 
area from a vertical Sun in 8 hours, as would fall from him 
at an angle of 60^, in 16 hours. 

Now as the Sun's rays fall most obliquely when the days 
are shortest^ and vMst directly when the days are longest. 
these two causes, namely, the duration and intensity ot 
the solar heat, together, produce the temperature of the dif- 
ferent seasons. 'The reason why we have not the hottest 
temperature when the days are longest, and ^ the cold- 
est temperature when the days are shortest, but in each 
case about a month afterwards, appears to be, that a b'ody 
once heated, does not grow cold instantaneously, but grad- 
ually, and so of the contrary. Hence, as long as more heat 
comes from the Sun by day than is lost by n'ght, the heat 
will increase, and vice versa. 



What, at the same time, takes place in regard to the temperature, In die southern 
heinispiiere f During what portion of the year is the temperature decreasiinf 7 Pur what 
reason? During what portion of the year is the cold increasing) Why is it so? What 
change of seasons, then, takes place, in tlie n<Nrtbem and southern hemisphere 7 Wliat 
other chances complete the seasons of the year 7 Whence is it evident that the unequal 
lengths of the days and nights are nut the only, nor perhaps the most efficient cause ofthe 
beat of summer, and the cold of ^vintcr? What two causes produce the greatus} 
vicissitudes of beat and cold ? Why, then, do we uot have the hottest weather whoR 
Che davs uxe longi'st, and the contiary 7 
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aKmiNINd AND LENGTH OF THE SBASONt. 

h. m. 8. 

Son wUn \3 rW inter begins) 1833, Dec. 31 st, 7 35 46 M. T. Waah. 
*• " Y* (Spring *^ ) 1834, March 20,8 56 38 " « 
" " 52 (Summer** ) " June2l8t,6 3 9 " " 
" " sC: (Autumn" ) " Sept 23d, 19 58 21 " ** 
u H yj (Winter " ) " Dec. 21, 132157 " " 

im in the Winter Signs .... 89 I'ao'sa 

" *• Bpriog 92 21 6 31 

** ** Bomcner 93 13 66 22 

" « Autumn 89 17 23 26 

"north of Equator (Spring and Summer) 186 11 163 

**Mntth ** (Winter and Autumn) 178 18 64 18 

Longest north of the equator, 7 16 7 36 

tteoctn of the tropical rear, beginning at ) 

the winter solstice 1833, and ending st > 366 6 66 11 

the winter solstice 1834, ) 

Mean or average length of the tropical year, 366 6 48 48 

The north pole of the Earth is deDominated the elevated 
pole, because it is always about 23 J^ above a perpendicular 
to the plane of the equator, and the south pole is denomina- 
ted the depressed pole, because it is about the same distance 
below such perpendicular. 

As the Sun cannot shine on more than one half the Earth's 
surface at a time, it is plain, that when the Earth is moving 
through that portion of its orbit which lies above the Sun, the 
elevated pole is in the dark. This requires six months, that 
is, until the Earth arrives at the equinox, when the elevated 
pole emerges into the light, and the depressed pole is turned 
mway from the Sun for the same period. Consequently, 
there are six months day and six months night, alternately, 
at the poles. 

When the Sun appears to us to be in one ptirt of the ecli^ 
tic, the Earth, as seen from the Sun, appears in the point di- 
ametricalljr opposite. Thus, when tnfi Sun appears in the 
vernal equinox at the first point of Aries, the Earth is actci- 
ally in the opposite eqainox at Libra. The days and nights 
are then equal all over the world. 

As the Sun appears to move up from the vernal equinox 
o the summer solstice, the Earth actuallv moves from the 
ratumnal equinox down to the winter solstice. The davs 
tow lengthen in the northern hemisphere, and shorten in tne 
'outhem. The Sun is now over the north pole, where it is 
oid-day, and opposite the south pole, where it is mid-night. 

Whr.is the north pole denominated the elevated pole) Whr is the south pole denon^ 
•atod the deprened note 7 Why are there six months day and six month night, altemateir 
Ubs poles ? MThal is always the relative position of the Sun and Earth In the eelipUe 
ims u example. When do the days leoRtlien in the noithern hemisphere, and shoitep in 
? When is it mid-dty at Uk north pole, and mid-nixhtst the south! 
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As the Sun descends from the sammer solstice towards 
the autuiDDal equinox, the Earth ascends from the winter 
solstice towards the vernal equinox. The summer days in 
the northern hemisphere having waxed shorter and shorter, 
now hecome again of equal length in both hemispheres. 

While the Sun appears to move from the autumnal equi- 
nox down to the wmter solstice, the Earth passes up from 
the vernal equinox to the summer solstice ; the south pole 
comes into the light, the winter days continually shorten in 
the northern hemisphere, and the summer days as regularly 
increase in length in the southern hemisphere. 

While the Sun appears again to ascend from its winter 
solstice to the vernal equinox, the Earth descends from the 
summer solstice to the autumnal equinox. The summer 
days now shorten in the southern hemisphere, and the win- 
ter days lengthen in the northern hemisphere. 

When the Sun passes the vernal equinox, it rises to the 
arctic or elevated pole, and sets to the antarctic pole. When 
the Sun arrives at the summer solstice, it is noon at the 
north pole, and midnight at the south pole. When the Sun 
passes the autumnal equinox, it sets to the north pole, and 
rises to the south pole. When the Sun arrives at the win- 
ter solstice, it is midnight at the north pole, and noon at the 
south pole ; and when the Sun comes again to the vernal 
equinox, it closes the day at the south pole, and lights up 
the morning at the north pole. 

There would, therefore, he 186^ days during which the 
Son would not set at the north pole, and an equal time du- 
ring which he would not rise at the south pole ; and 178j- 
days in which he would not set at the south pole, nor rise 
at the north pole. 

At the arctic circle, 23° 27^' from the pole, the longest 
day is 24 hours, and goes on increasing as you approach the 
pole. In latitude 67° 18' it is 30 days; in lat. 69° 30' it is 
60 days. &c. (See Table XII.) The same takes place be- 
tween the antarctic circle and the south pole, with the ex- 
ception, that the day in the same latitude south is a little 
shorter, since the Sun is not so long south of the equator, 
as at the north of it. In this estimate no account is taken 
of the refraction of the atmosphere, whfch, as we shall 
• — 

When do the ■ummer days in the northern hemisphere grow shorter and shorter 7 When 
do they beccMne of equa] length in both hemispheres 7 when do the winter days shorten 
in the northern hemisphere, and the summer days lengthen in the southeniT Wnen do 
the summer days shorten in the southern hemisphere, and the winter days lengt^ien in the 
northern 7 When does the sun rise to the north pole, and set to the souUi) When a ft 
noon at the north pole, and mid-night at the south pole 7 When does tiie Sun set at the 
north pole, and rise to the south 7 When is it mid-night at the north polft«and noon at the 
vouth 7 What is the length of the da y at the north pole 7 What at *hd south pole I Al 
iwarolie circle) Between the antarctic eiicle and the pde^ 

24* 
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i|«e hereaflei, increases the length of the day, by maku^ 
the Sun appear more elevated above the horizon than it real- 
ly is. 

THB SCASOTfS — UNEQUAL LENGTHS OF DATS AND NIGHTS. 

Fig. 2& 




The above cut represents the inclination of the Earth's axis to ite orbit ta 
every one of the twelve s'liLns of the ecliptic, and consequently for eaeli 
month in Ibe year. The Sun enters tlie sign Ariee^ or the vernal equinox, on 
Che 20th of March, when the Earth's axis inclines neither towarda the Sun, nor 
from it, but aidewayt to it; so that the :Sun then shines equally upon the 
Earth from pole to pole, and the days and nights are everv where eqoal. 
This is the beginning or the astronomical year ; it is also the beginning of 
day at the north pole, which is just coming irfto light, and the end of day at 
the sonth pole, which is just going into darkness. 

By the Earth's orbitual progress, the Sun appears to enter the second sigD. 
Taurva, on the 20th of April, when the north pole, N^ has sensibly advaoeeo 
into the light, while the south pole, S^ has been declining from it ; whereby 
the days become longer than the nights In the Northern Hemisphere, and 
■horter in the Southern. 

On the 21st of May, the Sun appears to enter the sign Gemini^ when the 
north pole, N^ has advanced considerably further into the light, while the 
eoQth pole, S, has proportionally declined from it ; the sammei days are now 
waxing longer in the Northern Hemisphere, and the nights shorter. 

The 21st of June, when the Sun enters the sign Cancer, is tlie first day of 
■nmmer, in the astronomical year, and the longest day in the Northern Hemie* 
phere. The north pole now has its greatest inclination to the Sun, the^ 
Hght of which, as Is shown by the boundary of light and darkness, in the 
Sgure, extends to the utmost verge of the Arctic Circle; the whole of which 
le Included in the enlightened hemisphere of the Earth, and enjoys, at thie 
season, constant day during the complete revolution of the Earth on its axis. 
The whole of the Northern Frigid Zone Is now in the circle of perpetual llla- 
Bifaiation. 

On the 23d of July, the Son enters the sign JDeo, and as the line of the 
Berth's axis always continues parallel to itseU; the boundary of licht and 
fkrkneM begios to approach nearer to the poles, and the length of the diqp^ 
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In the Northern nemisphere, which had arrhred at its mazimum, oeglna 
gradually to decrease. On the 23d of August, the Sua eaters the sign Virgo, 
Iticrcusing the appearances mentioned ialLeo, 

On the 23d oi September, the Sun enters Libra, the first of the autumnal 
rfigns, when the E^th's axis, having the same inclination as it had in the op* 
posile sign, Aries, is turned neither /rom the Sun, nor towards it, but oblique 
fy to it, so that the Sun again now sbmes equally upon the whole *>( the Earth'k 

fturface from pole to pole. The days and nights are once more of equal 
ength throughout the world. 

On the 23d of October, the Sun enterji the sign Scorpio ; the days visibly 
decrease in length in the Northern Hemisphere, and increase in the South- 
ern. 

On the 22d of November, the Sun enters the sign SagiUaritUj the last of 
the autumnal signs, at which time the boundary of light and darkness is at 
a considerable distance from the north pole, while the south pole has pro* 
portionally advanced into the light ; the length of the day continues to increase 
in the Southern Hemisphere, and to decrease in the Northern. 

On the 21 St of December, which is the period of the winter solstice, the 
4Sun enters the sign Capricorn. At this time, the north pole of the Earth's 
axis is turned from the Sun, into perpetual darlcness ; while the south pole, 
in its turn, is brought into the light of the Sun, whereby the whole Antarctic 
region comes into the circle of perpetual illumination. It is now that the 
Southern Hemisphere enjoys all those advantages with which the Northern 
nemis{)tiere was favoured on the 21st of June; while the Northern Hemis* 
phere, in its turn, undergoes the dreariness of winter, with short days endlong 
nights. 



CHAPTER XXIV. 

HARVEST MOON — HORIZOHTAL MOON. 

The daily progress of the Moon in her orbit, from west 
to east, causes her to rise, at a mean rate, 48 minutes and 
44 seconds later every day than on the preceding. But 
in places of considerable latitude^ a remarkable deviation 
from this rule takes place, especially about the time of 
harvest, when the full Moon risea^to us for several nights 
together, only from 18 to 25 minutes later in one day, than 
on that immediately preceding. From the benefit which 
her light affords, in lengthening out the day, when the hus- 
bandmen are gathering in the fruits of the Earth, the full 
moon, under these circumstances, has acquired the name of 
Harvest Moon. 

It is believed that this fact was observed by persons engaged in agriculture, 
at a much earlier period than that in which it was noticed by astronomers 
The former ascribed it to the goodness of the Deity ; not doubting but that 
he had so ordered it for their advantage. 

About the equator, the Moon rises throughout the yeai 
with nearly the equal intervals of 48^ minutes ; and tnere 
the harvest moon is unknown. 

what is the mean diil^renoe of time in the daily rising of the Moon 1 Under what at- 
enoMtances is there a material deviation from tliis rale 7 Whence the name of HarveH 
Moon 7 Bv whom was this pheoomenonjlrst obaerved^ and to what did they attritfuU 
Hi Why M the Harvest Moon unknown at the eqoalor) 
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At the polai circles, the autumnal full Moon, from her first 
lo her third quarter, rises as the Sun sets ; and at the poles, 
where the Sun is absent during one half of the year, the 
winter full Moons, from the first to the third quarter, shine 
constantly without setting. 

By this, }t is not meant that the Moon continues full from her first to her 
ihird quarter ; but that she never set* to the North Polar regions, when, at 
this season of the year, she fs within 90^ of that point in her orbit where 
she is at her full. In other words : as the Sun uluuiines the south pole 
during one half of its yearly reyolution, so the Moon, being opposite to the 
Sun ac her full, must illumine the opponte pole^ during half of her revolutlop 
about the Earth. The phenomenon of the harrcst Moon may be thus exen»> 
pUfied bj means of the globe : 

Recti^ the globe to the latitude of the place, put a patch or piece of wa- 
fer in the ecliptic, on the point Aries,' and mark every 12° preceding and 
following that point, to the number of ten or twelve marks on each dda 
of it ; brine the equinoctial {toint marked by the wafer to the eastern adgs 
of the honzon, and set the index to 12 ; turn the globe westward till the 
other marks successively come to the horizon, and observe the hours passed 
over by the index ; the intervals' of time between the marks coming to the 
horizon, will show the diurnal difference of time between the Moon's rising. 
U these marks be brought to the western edge of the horizon in the sama 
manner, it will show the diurnal difference between the Moon's setting. 

From this problem it will also appear, that, when there is the least dinerenes 
between the times of the Moon's risings there will be the greatest differenca 
between the times of her setting^ and the contrary. 

The reason why you mark every 12° is, that the Moon gains 129 W 
on the apparent course of the Sun every day, and these marks serve to 
denote the place of the Moon from day to day. It is true, this process sup- 
poses that the Moon revolves in the jtlane qf the ecliptic, which is not the 
case ; yet her orbit so nearly coincides with the ecliptic, (differing only 
6° 9r from it,) that they may, fbr the convenience of iUustiation, be consid- 
ered as coinciding ; that is, we may take the ecliptic for the representativ* 
of the Moon's oroiL 

The different lengths of the lunar night, at different lati- 
tudes, is owing to the different angles made by the horizon 
and different parts of the Moon's orbit; or in other words, 
by the Moon's orbit lying sometimes more oblique to the 
horizon than at others. In the latitude of London, for ex- 
ample, as much uf the ecliptic rises about Pisces and Aries 
in two hours as the Moon goes through in six days ; there- 
fore while the Moon is in these signs, she differs but two 
hours in rising for six days together ; that is, one day with 
another, she rises about 20 minutes later every day than on 
the preceding. 

The parts or signs of the ecliptic which rise with the 
tmallest Siuglesj set with the grealest j and those which rise 
with the greatest, set with the least. And whenever this 
angle is least, a greater portion of the ecliptic rises in equal 
times than wnen the angle is larger. Therefore, when the 

How is it at the polar circles, and the poles? W?uU is meant hy the futt Moon's 
tMning from thejlrst to the third quarter 7 How may the phenomenon be exempli- 
Asi tv means iff the arti/leUU globe? Wfw do you mark every lv<(ftfueetipticiH 
mis prottem? What does this process oTiUustration suppose, which is not mis, 
MiM/hir is it adopted 7 To what is the dSSerent lenfths of the lunar night, in difimnt 
annst owing ? Give an example How do Niose parts of the ediplie set, which rise 
«« no smallest anglcB, and the contrary 7 
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Moon is in those signs which rise or set with the ^mullest 
angles, she rises or sets with the least difference of time ; 
but when she is in those signs which rise or set with the 
greatest angles, she rises or sets with the greatest differ- 
ence of time. 

Let the globe, for example, be rectified to the latitude of New York, 
4QO 42' 40", with Cancer on the meridian, and Libra rising in the east. In 
this positino, the ecliptic has a high elevation, malcing an angie witti the ho* 
rizoa of 724°. 

But let the globe be turned half round on its axis, till Capricorn comes 
to the meridian, and Aries rises in the east, then the ecliptic will have a 
low elevation above the horizon, making an angle with it of only 25^^. This 
angle is 47^ less than the former angle, and is equal to the distance between 
the tropics. 

In northern latitudes, the smallest angle made by the 
ecliptic and horizon, id when Aries rises ; at which time 
Libra sets ; the greatest is, when Libra rises and Aries sets. 
The ecliptic rises fastest about Aries, and slowest about 
Libra. Though Pisces and Aries make an angle of only 
25J-** with the horizon when they rise, to those who live in 
the latitude of New York, yet the same signs, when they 
set, make an angle of 72j'^. The daily difference of the 
Moon's rising, when in these signs, is, in New England, 
about 22 minutes ; but when she is in the opposite signs, 
Virgo and Libra, the daily difference of her rising is al- 
most four times as great, being about one hour and a 
quarter. 

As the Moon can never be full but when she is opposite 
Co the Sun, and the Sun is never in Virgo or Libra except 
in our autumnal months, September and October, it is evident 
that the MoonMs never full m the opposite signs, Pisces and 
Aries, except in those two months. We can therefore have 
only two full Moons in a year, which rise, for a week togeth- 
er, very near the time or sun-set. — The former of these is 
called the Harvest Moon, and the latter, the Hunter^s Moon, 

Although there can be but two full Moods in the year 
that rise with so little variation of time, yet the phenomenon 
af^ the Moon's rising for a week together so nearly at the 
sam^ ime, occurs every month, in some part of her course 
or tn< 3ther. 

In Winter, the signs Pisces and Aries rise about noon; hence the rising of 
Ctic Moon is not then regarded nor perceived. 

In Spring, these signs rue teith the Sun^ because he is then in them ; and 
s9 the Moon changes while passing through the same sign with the Sun, it 
mast then be the change, and hence invisible. 

What results from this in regard to the Moon 7 Hoto mait thU be ilhtetrated on ths 
fiobe 1 In northern latitudes, what signs rise and set with the least angles 7 What with 
the ereatest 7 What parts of tlie ecliptic rise Astest, and which slowest 7 Give an ex- 
ample. What is the daily difference of the Moon's risioR and setting, in these signs, in 
(lie latitude of New York 7 How many fiill Moons in a year, which nsc with so little diP 
fcrence of time? Why are not theee phenomena observed in the eame aigne, in Wi% 
UM* Spring, and Summer f 
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Ill Stanmert they rise about midnight, when the Moon is iuher ihit i r*tr 
ler. On account of her risinf so late, and giving but little light, her nsiiu* 
passes unobserved. 

To the inhabitants at the equator, the north and south 
poles appear in the horizon ; and therefore the ecliptic makes 
the same angle southward with the horizon when Aries rises, 
as it does northward when Libra rises ; consequently the 
Moon rises an^ sets not only with angles nearly equal, but 
at equal intervals of time, all the year round: Hence, there 
is no harvest Moon at the equator. The farther any place 
is from the equator, if it be not beyond the polar circles, the 
angle which the ecliptic makes with the horizon. gradually 
diminishes when Pisces and Aries rise. 

Although in northern latituoes, the autumnal full Moons 
are in Pisces and Aries ; yet in southern latitudes it is just 
the reverse, because the seasons are so : — for Virgo and 
Libra rise at as small angles with the horizon in southern 
latitudes, as Pisces and Aries do in the northern ; and there- 
fore the harvest Moons are just as regular on one side of the 
equator as on the other. 

At the polar circles, the full Moon neither rises in summer, 
nor sets in winter. For the winter full Moon being as hi^h 
*n the ecliptic as the summer Sun, she must continue, while 
passing through the northern signs, above the horizon ; and 
the summer mil Moon being as low in the ecliptic as the 
winter Sun, can no more rise, when passing through the 
southern signs, than he does. 

The horizontal Moon. — The great apparent magnitude 
of the Moon, and indeed of the Sun, at rising and setting, is 
a phenomenon which has greatly embarrassed almost all 
who have endeavoured to account for it. According to the 
ordinary laws of vision, they should appear to be least when 
nearest the horizon, being then farthest from the eye ; and 
yet the reverse of this is found to be true. The apijarent 
diameter of the Moon, when viewed in the horizon cy the 
naked eye. is two or three times larger than when at the 
altitude ot thirty or forty degrees ; and yet when measured 
by an instrument her diameter is not increased at all. 

Both the Sun and the Moon subtend a greater angle when on the meridl> 
an, than they do in the horizon, because they are then actually nearer the 
place of the spectator, by the whole semi-diameter of the Earth. 

Explain why there ia no Harvest Moon at the equator. The farther aojr place ii 6an 
the eqiiatoTi hiow is the angle between tlie ecliptic and tibe horizon, when PUeea and 
Arte$ rise } Do the Harvest Moons happen as repitaily, and in the same months, on the 
•tmth side of the eqaator, as on the north 7 Why does not the ftill Moon liw in wiiUMr 
POT set in winter, to the inhsbitants of the polar circles 7 According to ihe oniuia.* >a«fa 
ofyisiun, how ought tiic magnitudes of the Sun and Moon to appear. wIk-p uhsi ' i ir* 
ejyIishoriaoD? Wliat is the fact) How much larger does the Mu«>u >••'-. ' W 
MBM eye* when in the horizon, than when at the altitude of thirty^ v <%«.■« «.« •) 
->■«-«, In reaiitj/, do the Sun and Moon subtend the largeat cngU J Whi/ <• tf « ' 
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This apparent increase of magnitude in the horizontal 
Moon, is chiefly an optical illusion, produced by the concay- 
ny of the heavens appearing to the eye to be a less portion 
or a spherical surface than a hemisphere. The eye is ac« 
customed to estimate the distance between any two objects 
in the heavens by the quantity of sky that appears to lie be- 
tween them ; as upon the Earth we estimate it by the quan- 
tity of ground that lies between them. Now when the Sun 
or Moon is just emerging above the eastern horizon, 01 
sinking beneath the western, the distance of the intervening 
landscape over which they are seen, contributes, together 
with the refraction of the atmosphere, to exaggerate our 
estimate of their real magnitudes. 



CHAPTER XXV. 

REFRACTION — TWILIGHT. 

The rays of light in passing out of one medium into ano- 
ther of a different density, deviate from a straight course ; 
and if the density of the latter medium continually increase^ 
the rays of light in passing through it, will deviate more ana 
more from a right Ime towards a curve, in passing to the ey% 
of an observer. From this cause all the heavenly bodies, 
except when in the zenith, appear higher than they really 
are. This bending of the rays of light, giving to the neaven- 
ly bodies an apparent elevation above their true places, is 
called Refraction, 

It is in consequence of the refracting power of the atmos- 
]>here that all heavenly bodies are seen for a short time be- 
fore, they rise in the horizon, and also after they have sunk 
helew it. At some periods of the year the Sun appears 5 
?T^*i>.nfes longer, morning and evening, and about 3^ minutes 
longer every day, at a mean rate, than he would do were 
there no refraction. The average amount of refraction for 
an object half way between the horizon and the zenith, >r 
at an apparent altitude of 45^, is but one sixtieth of a degree, 
a quantity hardly sensible to the naked eye ; but at the visi- 
ble horizon it amounts to 33' of a degree, which is rather 

How is the apparent increase of macnitud^ in the horwMital Moon, acoounted fori 

How are the rayi of Iwht aflected in paning out of cme medium into another, of a <iiffe^ 

eiit deniity 7 How, Ifthe density of the latter medium continually increase 7 What &•• 

tmnomical phenomenon results from tills cause? What is this bending of the rays oi' 

ri/rhtout of thetr course called? What effect does refraction have upon the apparent 

risinrand setting of the heavenly booies. How much longer do we see the 6«i, 

loominffand oveoing. ihan we should if there were no refraction? Whatistha 

avprure amount nf refracrion fo an ofaiect half way between tho hwison and tto 

VMiiith f Whm is <t in the h .was ? 
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more than the greatest apparent diameter of either iye Sun 
4ir the Moon. 

Hence it follows, that when we see the lower ed^ j of the 
Son or Moon just apparently resting on the horiz a, their 
whole disc is in reality below it. and would be em tely out 
of sight and concealed by the convexity of the Eartl ^ but for 
the bending, which the rays of light have undergone in their 
passage through the air to the observer's eye. 

The following general notions of its amount, ar> i law of 
variations, should be borne in mind : 

1. In the zenith there is no refraction ; a celestial object, 
situated directly over head, is seen in its true position, as it 
there were no atmosphere. 

2. Id descending from the zenith to the horizon, the refrao- 
tion continually increases ; objects near the horizon appear- 
ing more elevated by it than those of a higher altitude. 

3. The rate of its increase is nearly in proportion to the 
apparent angular distance of the object from the zenith. 
But this rule, which is not far from the truth^ at moderate 
zenith distances^ ceases to give correct results m the vicinitj 
of the horizon, where the law becomes much more compli- 
cated in its expression. 

The effects of refraction must be familiar to every person who has seen 
a walking stick partially plunged into a river, or other collection of wateir* 
While the stick is held upright, it appears straight, as usual, becaaae there 
is no refraction in this position ; but if it be ever so little inclinedi the n^ 
fraction takes place, and the stick appears bent ; if the incl'mation be {» 
creased, the refraction is also increased. 

Another easy and familiar illustration of the effect of reflraction may be 
thus obtained :— Put any small object, as a piece of raone^, into an empty 
basin, as near the centre as possible, and retire to such a distance as fast to 
lose sight of the object Let aa assistant then pour ¥rater in the baedn, and 
the object will soon appear. Retire again till it is no longer seen ; let more 



water be added, and it will again appear. The experiment may be re* 
peated till the basin is full. The edge of the basin may be suppoied lo 
represent the horizon ; the water^ the atmosphere ; and the piece of money. 



the Sun, or other object which is thus made to appear by the power of re- 
flraction, when otherwise it would be invisible. 

It follows from this, that one obvious effect of refraction 
must be to shorten the duration of night and darkness, by 
prolonging the apparent stay of the Sun and Moon above 
the horizon. But even after they aj)pear to have set, the in- 
fluence of the atmosphere still continues to send us a Dortion 
>f their light ; not, indeed, by direct transmission, but by 
reflection: — for as long as the Sun continues to illuminate 



Vhacinterestinffflietsresttk from this troth } What ii the ffait aeneral law of i 

pfanic refifaction? What is the second general law? What is the thud? MenUanm 
paniliar instance qf refraction dtfitsn Hen in waur. Mention eomefamiaar eapen- 
ment, to iUustrate refiaetUm, and tihow ite appUeatton to aetrmimttJ Rowdoee 
Ihb principle afftct the duration of nocturnal daraneas 7 B^ what principle 19 it uat the 
atmosphere sends us a portion of the solar light* fiir a ooosideiable time bmn vm %M 
"^ — I. and after it has set] 



•ny portion oi the annoaphere which is abo?e the horisoo, 
the light from this portion is reflected to the Earth, and it is 
this that causes twilight. 

In the morning, when the Sun arrives at 18*^ below the 
horizon, his rays pass over our heads into the higher region 
of the atmosphere, and are thence reflected^ or as it were. 
bent down to the Earth. The da^ is then said to dawn, and 
the light gradually increases until the Sun appears above 
the horizon : this is called Morning ISDilighty or Aurora. 
which the heathens personified as a goddess. They assigned 
CO her the office of opening the Gates of the East, to intro- 
duce the chariot of Apolh or PhoBbus. 

In the evening, after sunset, the rays of the Sun continue 
to illuminate the atmosphere, till he sinks 18^ below the 
horizon, and a similar effect, called the Evening Ihoilightf 
is produced, only in an inverse projpression, for the twilight 
now gradually biecomes fainter till it is lost in dark night. 

The quantity of reflection and the duration of twilight are 
much influenced by the changes which are perpetually tak- 
ing place with respect to the heat and cold, the dryness or 
moisture, d^c. of the atmosphere. The height of the atmos- 
phere, also, has an influence in determining the dun^tion of 
twilight : Thus in winter, when the air is condensed with 
cold, and the atmosphere upon that account lower, the twi- 
light will be shorter ; and in summer, when the limits of the 
atmosphere are extended by the rarefaction and dilation of 
the air of which it consists, the duration of the twilight will 
be longer. And for the same reason, the morning twilight, 
(the air being at that time condensed and contracted by the 
cold of the preceding ni^ht,) will be shorter than the even- 
tog twilight, when the air is more dilated and expanded. 

It is entirely owing to the reflecting power of the atmos- 
pliere that the heavens appear oright in the day time. For 
without such a power, only that part of the heavens would 
be luminous in which the Sun is placed ; and, if we should 
turn our backs to the Sun, the whole heavens would appear 
as dark as in the night, and the stars, even at noon day, 
would be seen as clear as in the nocturnal sky. 

In regions of the Earth situated towards the poles, thm 
Sun, during theii summer months, is never more than 18^ 
below the horizon i consequently" their twilight continues 

ynmiitTtaUight? Howiiftoecuioiied? How ii Ihe Evenfaif Twflifht iwodiieedl 
Br what are the quantity of ledeelioD, and the dumtion of twilifU. oomMJemoiir infl^ 
enoed ) Wby is twtUf ht thorter in winter? Mfhy lonimr in Mimmer 1 Whjr ji the mor»> 
inf twilight shorter than the erening twi]i||lit7 To what is it tfntiiely owing, that tfat 
heavens aivpeiu briflit in the day ftmel How would tho heavens appear, if Jt wc«eiiot 
<fy Una power} What an the dumtion and advantages of twilight in wi^ latitudoi i . 

25 
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f'arine the whole night The same cause has a tendency 
to diminish the gloom of the long polar nights ; for as far 
north as in lat. 84^ 32 j-' the Sun even when at the wintei 
solstice approaches to within 18^ of the horizon, and affords 
a short twilight once in 24 hours, and the pole itself is left 
in total darkness not more than 80 davs. 

There is still another cause which nas a tendency to di- 
minish the length of the polar nights, the extraordinary 
refraction occasioned hy the extreme density of the air in 
those regions. This is so great, as to bring the Sun aboye the 
horizon some days before it should appear, according to 
calculation. 

A remarkable phenomenon of this kind was observed by the Dutch navi- 
gators who wintered in Nova Zembla, in the year 1896. After enduring a 
eontinual night of three morUkiy they were acreeably surprised to find thai 
the Sun began to rise teventeen day eooner tnan according to compatation { 
The observed altitude of the pole, at the place, (says Dr. »nith,) being only 
76<^. It is impossible to account for the phenomenon, otherwise, than by sup- 
posing an extraordinary refraction of the Sun's rays. Kepler computes that 
the Sun was almost 6^ below the horizon when he first appeared ; and con- 
sequently, that the refrsetioa of his rays vnm about iO times greater than 
rithiis. 



CHAPTER XXVI. 

AURORA BOREAUS. 

The sublime and beautiful phenomena presented by the 
Aurora Borealis, or Northern Lights, as they are called, 
have been in all ages a source of admiration and wonder 
alike to the peasant and the philosopher. In the regions of 
the north, they are regarded by the ignorant with supersti- 
tious dread, as harbingers of evil ; while all agree in placing 
them among the unexplained wonders of nature. 

These lights, or meteoric coruscations, are more brilliant 
in the arctic regions, appearing mostly in the winter season 
and in frosty weather. They commonly appear at twilight 
near the horizon, and sometimes continue in that state for 
several hours without any sensible motion; after which 
they send forth streams of stronger light, shooting with 
great velocity up to the zenith, emulating, not unfrequently, 
Uie lightning in Vividness, and the rainbow in colouring ; and 
again, silently rising in a compact majestic arch of steady 

Rek te a rftnarktible phetumunon i^thia kind. How are tiie phe n omen a of the An* 
iora & f«a!is reftarded tv the Ignorant 7 In what do ail Bfree, respeeUnff them 7 When 
wsthriae Rppearenoos most Imiuent and brilliant i Deicribe the timas and manner m 
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white light, apparently durable and immoreable, and yet so 
evanescent, that while the beholder looks upon it, it is gone 

At other times, they cover the whole hemisphere with 
their flickering and fantastic coruscations. On these oc- 
casions their motions are amazingly quick, and they aston* 
ish the spectator with rapid changes of form. They break 
out in places where none were seen before, skimming brisk- 
ly along the heavens ; then they are suddenly extinguished, 
leaving behind a uniform dusky track, which, again, is bril- 
liantlv illuminated in the same manner, and as suddenly left 
a dull blank. Some nights they assume the appearance of 
vast columns ; exhibiting on one side tints of the deepest 
yellow, and on the other, melting away till they become un- 
distinguishable from the surrounding sky. They have ffen- 
erally a strong tremulous motion from end to end, which 
continues till the whole vanishes. 

Mauperiuis relates, that in Lapland, ^' the skv vvas some- 
times tinged with so deep a red that the constellation Orion 
looked as though it were dipped in blood, and that the peo- 
ple fancied they saw armies engaged, fiery chariots, and a 
thousand prodigies." Gmelin relates, that, " in Siberia, on 
the confines of the icy sea, the spectral forms appear like 
rushing armies ; and that the hissing cracklins noises of 
those aerial fire- works so terrify the dogs and tne hunters, 
that thev fall prostrate on the ground, and will not move 
while tne raging host is passing." 

Kerguelen describes " the night, between Iceland and the 
Ferro Islands, as brilliant as the day." — the heavens being 
on fire with flames of red and white light, changing to col- 
umns and arches, and at length confounded in a brilliant 
chaos of cones, pyramids, radii, sheaves, arrows, and globes 
of fire. 

But the evidence of Cwpt, Parry is of more value than 
that of the earlier travellers, as he examined the pheno- 
mena under the most favourable circumstances, during a 
period of twenty-seven consecutive months, and because his 
observations are uninfluenced by imagination. He speaks 
of the shifting figures, the spires and pyramids, the majestic 
arches, and Uie sparkling bands and stars which appeared 
within the arctic circle, as surpassing his powers of descrip- 
tion. They are indeed sufficient to enlist the superstitious 
feelings of any people not fortified by religion and philosophy. 



nctoribetbebanpearanoe in Lapland as related by Maiq)ertuii, and tteeAotnpontht 
hdidMtanti. DeieriM ito appearance between Iceland and the Ferro blandi, as related bf 
Keifuelen. Whose testimony on this sultject is oT wire value than that of fcnner travel* 
IMS} Wlkf } Hnwdocs be describe the scenei Ae wititened dunoi the polar owfaUl 



The eoUmrn of the polar lights, are of vanons tints. Tlie 
rays or beams are steel gray, yellowish gray, pea green, 
ceundine green, gold yellow, violet blue, purple, sometimes 
rose red, crimson red, blood red, greenish red, orange tcnI, 
and lake red. The arches are sometimes nearly black, pass 
ing into violet blue, gray, gold yellow, or wnite bounded 
by an edge of yellow. The lustre of these lights varies in 
kind as well as intensity. , Sometimes it is pearly, some- 
times imperfectly vitreous, sometimes metallic. Its degree 
of intensity varfes from a very faint radiance to a light near> 
ly equalling that of the Moon. 

Many theories have been proposed to account for this 
wonderful phenomenon, but there seems to be none which 
is entirely satisfactory. One of the first conjectures on record 
attributes it to inflammable vapours ascending from the Earth 
into the polar atmosphere, and there ignited by electricity. 
Dr. Halley objects to this hypothesis, that the cause was in- 
adequate to produce the efl&ct. He was of opinion that the 
poles of the Earth were in some way connected with the au- 
rora ; that the Earth was hollow, navin^ within it a mag- 
netic sphere, and that the magnetic effluvia, in passing from 
*the north to the south, might become visible in the northern 
hemisphere. 

That the aurora borealis is, to some extent, a magnetical 
phenomenon, is thought, even by others^ to be pretty clearly 
established by the following considerations. 

1. It has been observed, that when the aurora appears 
near the northern horizon in the form of an arch, the middle 
of it is not in the direction of the true north, but in that of 
the magnetic needle at the place of observation ; and that 
when the arch rises towards the zenith, it constantly crosses 
the heavens at right angles, not to the true magnetic meri- 
dian. 

2. When the beams of the aurora shoot up so as to pass 
the zenith, which is sortietimes the case, the point of their 
convergence is in the direction of the prolongation of the 
dipping needle at the place of observation. 

3. It has also been observed, that during the appearance 
of an active and brilliant aurora, the magnetic needle of> 
ten becomes restless, varies sometimes several degrees, 
and does not resume its former position until after severif 
hours. 

f*rom these facts, it has been generally inferred that the 

Detenbe the eoioun of the Aurora fiaht What b one of the evliest tfaaoriet ith-annd 
lo 9X(mn Uiit phenomenon 7 How did Dr. Halley propoee to aooount for it? What uti 
1SSSXii!^^^fSSi!^^}^ to the coaeluwoa, that the northem lighti aie to amuc 
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MiroiH IS in some way connected with the magnetism of 
tJie Earth ; and that the simultaneous appearance of cne 
meteor, and the disturbance of the needle, are either rela- 
ted as cause and effect, or as the common result of some 
more general and unknown cause. Dr. Young, in his lee- 
iores, is very certain that the phenomenon in question is in- 
timately connected with electro-magnetism, and ascribes 
the light of the aurora to the illuminated agency of t^lectri- 
city upon the magnetical substance. 

It may be remarked, in support of the electro>magnetic tbeor/, that ta 
ma^etism, the agency of electricity ia now clearly established : and it can 
hardly be doabted tliat the phenomena both of electricity and msgnetism 
•re produced by one and the same cause ; inasmuch as magnetism may !>• 
hidaced ky electricity, and the electric spark has been drawn from th« 
magnet. 

Sir John Herschel also attributes the appearance of the 
aurora to the agency of electricity. This wonderful agent, 
says he, which we see in intense activity in lightning, ana 
in a feebler and more dlifused form traversing the upper 
regions of the atmosphere in the northern lights, is present, ; 
probably, in immense abundance in every form oi matter 
which surrounds us, but becomes sensible, only when dis- 
turbed by excitements of peculiar kinds. 



CHAPTER XXVII. 

PARALLAX OF THE HEAYENLT BODIES. 

Parallax is the difference between the altitude of any 
celestial object, seen from the Earth's surface, and the alti- 
tude of the same object, seen at the same time from the 
Earth's centre; or, it is the angle under which the semi- 
diameter of the Earth would appear, as seen from the object. 

The true place of a celestial body, is that point of the 
heavens in which it would be seen by an eye' placed at the 
centre of the Earth. The apparent place is that point of 
the heavens where the body is seen from the surface of 
the Eaith. The parallax of a heavenly body is greatest^ 
when in the horizon ; and is called the horizontal parallax^ 
Parallax decreases, as the body ascends toward the zenith; 
at which place it is nothing. 

The nearer a heavenly body i^ to the Earth, the g}*eatm 

Whstktheonmonori)r. Ycunffinrvardtotlwircattsnl Wkaicomtderftimmtm 
btaddueed in farther mpport qf the eteetro-magrtenc tht/arut T^ «»*>i,t Jm«w i*? 
Juhn Hmschel ascribe tlw aurora) What are lib cl* rr.«Muiw upun me suluMtl V/^mi 
{■parallax ) What ia the true place fiTa oelestial body 7 What is the aMWrm/ Dltoe} 
VWe is the paialiaz of a heonwiljbodv the fleetest) Whafciilhis wnfiaseiihill 
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IS Its parallax ; hence the Moon has the greatest |>aTaliaix 
of all the heavenly bodies, while the fixed stars, from their 
immense distance, hare no parallax ;* the semi-diameter of 
the Earth, at such a distance, being no more than a point. 

As the effect of parallax on a hearenly body, is to dejffesa 
it below its true placcj it mast necessarily affect its n^ht 
ascension and declination, its latitude and' longitude. Od 
this account, the parallax of the Sun and Moon must be 
added to their apparent altitude, in order to obtain their 
true altitude. 

Thf^rue altitade of tiM Sun and Moon, except when In the zenith, is •!• 
ways affected, more or leas, both by parallax and refraction, but always 
is a contrary nuuiner. Hence the mariner, In finding the latitude at seat, 
ahraya addt the parallax, and tntbttractM the refraction, to and from the 
Ban's obterved altitade, in order to obtain the true altitude, and thence the 
ktitnde. 

The principles of parallax are of great importance to as- 
tronomy, as they enable us to determine the distances of 
the heavenly boaies from the Earth, the magnitudes of the 
planets, ana the dimessions of their orbits. 

The Sun's^ horizontal parallax being accurately known, 
the Earth's distance from the Sun becomes known; and the 
Earth's distance from the Sun bemg known, that of all the 
planets may be known also; because we know the exact 
periods of their sidereal revolutions, and according to the 
third law of Kepler,, the squares of the times of their revolu- 
tions are proportional to the cubes of their mean distances. 
Hence, the first great desideratum in astronomy, where 
measure and magnitude are concerned, is the determination 
of the true parallax. * 

At the late council of astronomers, assembled in Lon- 
don, from the most learned nations in Europe, the Sun|s 
mean horizontal parallax was settled, as the result of their 
united observations, at 0° 0' 8".5776.— Now the value of 
radius, expressed likewise in seconds, is 206264''.8; and 
this divided by 8'\5776, gives 24047 for the distance of the 
Sun from the Earth, in semidiameters of the latter. If we 
take the equatorial semidiameter of the Earth as sanction- 
ed by the same tribunal, at (7924+2=) 3962 miles, we 
shall have 24047X3962» 95,273,869 miles for the Sun's 

true distance. 

— ' 

• dee Chapter XIV., on the nomber and diitanee enhafllui. 
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Both the principle and the calculation of this element may 
be illustrated by a reference to the diagram on Plate I, of 
the Atlas: Thus— the parallactic angle AES » 8'^5776: 
is to the Earth's semidiameter as =s 3962 miles : : as radios 
-=206264. ''8: is to the distance ES « 95,273,869 miles, as 
before. 

Again : The mean horizontal parallax of the Moon is 
0® 57' 11", or 3431". In this problem, the parallactic angle 
AMS is 0*^ 57' 11" = 3431" ; and 3431" : is to 3962 miles : : 
as 206264".8: is 238,161 miles, for the Moon's mean dis- 
tance from the Earth MS. — See Chapter on the Number 
and Distance of the Stare. 



CHAPTER XI. 

PROBLEMS AND TABLES. 

PROBLEM I 
TO CONVERT DEGREES, AC. INTO TIBIE. 

Rule 1. — Divide the degrees by 15, for hours ; and mul- 
tiply the remainder, if any, by 4, for minutes. 

2. Divide the odd minutes and seconds in the same man- 
ner by 15 for minutes, seconds, d&c. and multiply each re* 
mainder by 4, for the next lower denomination. 

Example 1.— Convert 32° 34' 45" into time. 
Thus, 32*> + 15 = 2h. S' 

34 H-15=: 2 16" 

45 ^ 15 = 3 



Ans. 32°34'45"= 2h. 10' 19' the time. 

Example 2. — If it is 12 o'clock at this place, what is the 
time 20° east of us ? 

Thus, fifteen in 20°, once, and ^ye over ; the once is 1 
hour, and the 5 multiplied by 4, gives 20 minutes: the time 
i^ then 1 hour and 20 minutes past 12. 

Example 3.--The longitude of Hartford is 72° 50^ west 
of Greenwich ; what time is it at Greenwich when it is 12 
o'clock at Hartford ? 

Ans. 4 h. 51 min. 20 sec. 

Example 4. — When it is 12 o'clock at Greenwich, what 
18 the time at Hartford ? Ans. 7h. 8m. 40 sec. A. M. 

M«r» — Ttble VIH. te dsMned to IkeilHate calculattons of this kind. Tlic 
dtgrees being placed in one comauii and the correspondinf time in another 



It B«6d0 ao eiplaiMtHoik exeepl to obsenre tint dtgnm in the left 
eoliiDuM amj M coadderecl M ao many mtmcft*, fnatead of decrees; in 
wbich esM, tho eorreaponding time fai Uie adjoining colaoiii. muat be reed 
ae tmmmteg and meendm, instead of hoars and miniiif«- in iiJke manner, tbe 
degrees in the left banil column may be read as seconds, and the corre^KMM^ 
'ng time, as seeemif and thirda. 



— F1b4 bT tlie teble, the time dorrespoBdiof to 3SO ariT'. 
Tlius: Against32^ Is2h.8mia. 

« M' « 2 16 sec. 



Answer as abore, 2h. 10m. 19 s. 

PROBLEM n. 
TO CONTEBT TUfE INTO DEGREES, &C. 

Rule. — ^Multiply the hours by 15, and to the product add 
one fourth of the minutes, seconds, dbc., obserring that ere- 
ly minute of time makes -}-^, and every second of time, •^. 

Example 1. — In 2 hours, 10 minutes, and 19 secondsi 
how many degrees ? 

Thus: 2h. 10 m. 19 8. 

15 



Add 10 quarters, or \ of the mm. 2 30^ 

Add 19 quarters, or \ of the sec 4 



AST 



Ans. ^ 32° 34' 45'' 

This problem isreadilj solved by means of Table DC. withoat the Ubour ol 
•alculation: 

Thus : 2 boors . ^SfP 

10 minutes . 2 30^ 
19 seconds — 4 45^' 



Ans. 2BP W W 

Ex. 2. — When it is 12 o'clock at Hartford, it is 4 hours 
51 minutes, and 20 seconds past noon at Greenwich ; how 
many degrees is Hartford west of Greenwich? 

Thus: 16 times 4 is 60— added to \ of 51, is 72° 45" 
and this increased by \ of 20, is 72° 50.' Ans. 

Ex. 3. — A Liverpool packet, after sailing several days 
from New York, finds the time by the Sun 2 hours and 4C 
minutes later than by the ship's chronometer : how far hat 
the ship progressed on her way ? 

Ex. 4. — A vessel leaves Boston, and having been tossed 
about in foul weather for some days, finds, that when it is 
12 o'clock bv the Sun, it is only 11 o'clock and 50 minutes 
by the watcn ; is the vessel east or west of Boston ; and 
bow many degrees ? .^ » . .^ .. . ^ . 

^x 6. — The moment of greatest daHcness during the u 
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nnhiT eclipse of 1831, took place at N^w Haven, 10 minutes 
after 1 o'clock. A gentleman reports that it happened pre- 
cisely at 1, where he observed it; and another, that it was 
5 mmates after 1 where he saw it : Quere. How far east 
or west were these gentlemen from each other, and how 
many degrees from New Haven ? 

PROBLEM m. 

TO FIND WBAt STARS ARE ON THE MERIDIAN AT NINE o'CLOCK 
IN THE EVENING OF ANY GIVEN DAY. 

Rule. — Look for the ^iven day of the month, at the bot- 
tom of the maps, and all the star? having the same degree 
of right ascension will be on the meridian at that time. 

ExABfPLE 1. — What stars will be on the meridian at 9 
o'clock, the 19th of January ? 

Solution. — On Plate III. I find that the principal stars 
standing over against the 19th of January, are Rigel and 
Capeila. 

Ex. 2. — ^What stars are on the meridian the 20th of De« 
eember ? Ans. Menkar and AlgoL 

PROBLEM nr. 

ANY STAR BEING GIVEN, TO FIND \^BEN IT CULMINATES. 

Rule. — Find the star's right ascension in the table, or by 
the map, (on the equinoctial,) and the day of the month at 
the top or bottom of the map will be the day on which it 
culminates at 9 o'clock. 

Example 1. — At what time is the bright star Sirius on the 
meridian? 

SoluHon.—l find b^ the table, and by the map, that the 
right ascension of Sirius is 6 hours and about 38 minutes ; 
and the time corresponding to this, at the bottom of the 
map, is the Uth of February. 

Ex. 2. — At what time is Alpheratz, in the head of Andro- 
meda, on the meridian? Ans. The 9th of November. 

i 

PROBLEM V. 

THE RIGHT ASCENSION AND DECLINATION OF A PLANET BEING 
GI\=N, TO FIND ITS PLACE ON THE MAP. 

Rule.— Find the rieht ascension and declination of the 
planet on the map, and that will be its place for the given 
day. 



ft 
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Example 1. — Venus's right ascension on the l6t of Jaa* 
nary, 1833, was 21 hours, 30 minutes, and her dech'natiua 
16^° south; required her situadon on the map? 

SoliUion. — On the right hand of the Plate IL I count olT 
16f ° from the equinoctial, on the marginal scale south, and 
from that pointy 30 minutes to the left, or just half the dis- 
tance between the XXL and XXII. meridian of right as- 
cension, and find that Venus, that day, is within two degrees 
of Delta Capncorni, near the constellation Aquarius, in the 
zodiac. 

NoTB.— It is to be remembered, that the planets will always be found 
within the limits of the zodiac, as represented in tiie maps. By means of 
T^ble V^ the pupil can find at any time the situations of all the visiblO' 

Klanets. on the maps; and this will enable him to determine their positioii 
I the heavens, without a chance of mistalce. By this means, too, he caa 
draw for himself the path of the planets from month to moiith, and trace 
their course among the stars. This is a pleasant and useful exercise, and 
is practised extensively in some academies. The pupil draws the map ia 
the first place, or such a portion of it as to include the zodiacal constella- 
tions ; then, having dotted the position of the planets from day to day, as 
Indicated in Table VII., their path is easily traced with a pen or pencil. 

Ex. 2. — Mars' right ascension on the 13th of March, 1833, 
is 5 hours, 1 minute, and his declination 24f ^ north ; requir- 
ed his situation on the map ? 

Solution. — I find the fifth hour line or meridian of right 
ascension on Plate III. and counting upwards from the equi- 
noctial 24^^, I find that Mars is hetween the horns of 
Taurus, and ahout 5^ S. W. of Beta Aurigte. 

Ex. 3. — Required the position of Jupiter and Saturn on 
the 13th of February and the 25th of May ? 

When the right ascension and declination of the planets are not 9^90, 
ihej are to be sought in Table VII. 

PROBLEM VI. 

TO FIND AT WHAT MOMENT ANY STAR WIFX PASS THE MEHIDtAK 

ON A GIVEN DAY. 

Rule. — Substract the right ascension of the Sun from the 
star's right ascension, found in the tables; observing to add 
24 hours to the star's right ascension, if less than the Sun's, 
and the difference will show how may hours the star culmi* 
nates after the Sun. 

Example 1. — At what time will Pro^yon pass themeridi 
an the 24th of February ? 

l^lution.'^R, A. of Procyon 7h. 30m. 33s.+24h. 

» 31 30^ 33" 

R, A. of Sun, 24th of Feb. ^22 29 1 

Ans. 9 1 32 

That is, Im. 32s. past 9 o'clock in the evening. 
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fSz. 2. — At what timn will Denebola pass the meridian on 
•he first of April ? 

Solution.— R, A. of Denebola is llh. 4(K 32"' 

R. A. of Sun, April 1, 41 25 

Ans. 10 59 7 

That is, at 59 minutes, 7 seconds, past 10 in the evening. 

Ex. 3. — At what time on the first day of each month, from 
January to July, will Alcyone, or the Pleiades, pass the me- 
ridian ? 

Ex. 4. — At what time will the Dog Star, or Sirius, culmt* 
nate on the first day of January, February, and March ? 

Ex. 5. — How much earlier will Spica Tircrinis pass the 
meridian on the 4th of July, than on the 15th of May ? — 
Ans. 3 hours, 25 minutes. 

PROBLEM vn. 

TO HND WHAT STARS WILL BB ON OR NEAREST THE MBRmiAM 

AT ANY GI7EN TIME. 

Role. — Add the given hour to the Sun's rip^ht ascension^ 
found- in Table III., and the sum will be the ri^ht ascension 
of the meridian, or mid-heaven ; and then find in Table XL 
^hat star's right ascension corresponds with, or comes near- 
est to it, and that will be the star required. i 

Example 1. — What star will be nearest the mendian at 
9 o'clock in the evening of the 1st of September 1 
Solution, — Sun's right ascension 1st September, 

lOh 40^ SO'' 
Add tfafe time from noon 9 

Right ascension of the meridian 19h 40^ 30^' 

Now all the stars in the heavens which have this right as- 
eensioD, will be on the meridian at that time: On looking 
into Table II. the right ascension of Altair, in the Eagle, 
will be fouud to be lOh. 40m. ; consequently Altair is on 
the meridian at the time proposed ; and Delta, in the Swan, 
is less than two minutes past the meridian. 

Ex. 2. — Walking our m a brighi^ evening on the 4th of Sep 
tember, I saw a very brilliant star almost directly over 
head; I looked on m/ watch, audit wanted 20 minutes of 
8 ; required the nam ^ of the star? 

Solution, — Sun's declination 4th of September, 

lOh Sr 22^' 

Add the time from noon 7 40 

Gives R. A. of Lyra, neariy IS 31 22 
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Ex. 3. — About 8f minutes after 8 in the evening of the 
11th of February, I observed a bright star ou the meridian, 
a little north of the equiqoctial, and 1 minute before 9 a still 
^righter one, further south ; required the names of the stars? 

PROBLEM VDL 

TO FIND WHAT STABS WILL CULMINATE AT 9 o'CLOCK IN TUt 
EVENING OF ANT DAT IN THE TEAR. 

Rule. — Against the day of the month in Table IV., find 
the right ascension of the mid-heaven, and all those stars in 
Table II. which have the same, or nearly the same right as- 
cension, will culminate at 9 P. M. of the given day. 

Example 1. — What star will culminate at 9 in the even- 
ing of the 26th of March ? 

SoltUion, — I find the right ascension of the meridian, at 9 
o'clock in the evening of the 26th of March, is Oh 19' 37'^; 
and on looking into Table 11., I find the right ascension of 
Alphard, in the heart of Hydra, is 9h 19" 23^x The star is 
Alphard. 

Ex. 2. — What star will culminate at 9 in the evening of 
the 28th of June ? Ans. Aphacca. 

FROBLEM IX. 

n FIND THE sun's LONGITUDE OR PLACE IN THE ECLIPTic, ON 

ANT GIVEN DAT. 

Rule. — On the lower scale, at the bottom of the Plan- 
isphere, (Plate y III.) look for the given day of the month • 
then the sign and decree corresponding to it on the scale 
immediately above it, will show the Sun's place in the 
ecliptic. 

Example 1. — Required the Sun's longitude, or place in 
the ecliptic, the 16th of September. 

Solution. — Over the given day of the month, September 
16th, stands 5 signs and 23 degrees, nearly, which is the 
Sun's place in the ecliptic at noon on that day ; that is, tha 
Sun is about 23 degrees in the sign V.rgo. 

N. B. If Uie 6 sicns be multiplied br 30^ and the T3 degrees be added to i^ 
h wiUgive Uie longicude iodegroes, 173. 

Ex. 2. — Required the Sun's place in the ecliptic at noon, 
on the 10th of March. 
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PROBLEM X. 

OITEN THE sun's LONGITUDE, OR PLACE IN THE ECl IPTIO, TO 
FIND HIS RIGHT ASCENSION AND DECLINATION. 

Rule. — Find the Sun's place in the ecliptic, (the curved 
fine which runs through the body of the planisphere,) and 
with a pair of compasses take the nearest distance between 
it and the nearest meridian, or hour circle, which being ap 
plied to the iruauated scales at the top or bottom of the 
planisphef, (measuring from the same hour circle,) will 
show tue Sun's right ascension. Then take the shortest 
distance between the Sun's place in the ecliptic and the 
nearest part of the equinoctial, and apply it to either the 
east or west marginal scales, and it will give the Sun's de- 
clination.' 

Example 1. — The Sun's longitude, September 16th, 1833, 
is 5 signs, 23 degrees, nearly ; required his right ascension, 
and declination. 

Solution. — The distance between the Sun's place in the 
ecliptic and the nearest hour circle being taken in the com- 
passes, and applied to either the top or bottom graduated 
scales, shows the right ascension to be about 11 hours 35 
minutes ; and the distance between the Sun's place in the 
ecliptic, and the nearest part of the equinoctial, being applied 
to either the east or west marginal scales, shows the decli- 
nation to be about 2® 45', which is to be called north, because 
the Sun is to the northward of the equinoctial : hence the 
Sun's right ascension, on the given day, at noon, is about 1 1 
hours 35 minutes, and his declination 2^ 45' N. 

Ex. 2.— The Sun's longitude March 10th, 1833, is 11 
signs, 19 degrees, nearly ; required his right ascension and 
declination ? 

Ans. R. A. 23 h. 21 min. Dec!. 4^ IV nearly. 

problem XL 

TO FIND THE RIGHT ASCENSION OF THE MERIDIAN AT ANT 

GIVEN TIME. 

Rule.— Find the Sun's place in the ecliptic by Problem IX. 
and his right ascension by Problem X., to the eastward of 
which, count off the given time from noon, and it will show 
the right ascension of the meridian, or mid-heaven. 

Example 1. — Required the right ascension of the meridi- 
an 9 hours 25 minutes past noon, September 16th, 1833. 
SoliUwn, — By Problems IX. and X , the Sun's right ascen- 
26 
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sion at noon ol* the given day, is 11 hoars 35 minutes ', '«» 
the eastward of which, 9 hoars and 25 minates (the girea 
time) beiDg counted off, shows the right ascenuon of tb« 
meridian to be about 21 hours. 

Ex. 2. — Required the right ascension of the meridian at 
6 hours past noon, March 10th, 1833 ? 

Solution, — By Problems IX. and X. the Sun's right ascen- 
sion at noon of the given uay, ^« 23 hours and 21 minutes; 
to the eastward of which, the given time, 6 hours being 
counted off, shows the right as(5ension of the meridian to 
be about 5 hours 21 minutes. 

Rbm ARK. — In this example, it may be necessary to obsenre, that where 
the eastern, or left hand extremity of the planisphere leaves ofE; the west- 
ern, or right hand extremity, bef^ns ; therefore, in countin|; off the giveD 
time on the top or bottom graduated scales, the reckoning n to be tmns* 
ferred from the left, and completed on the right, as if the two outside edges 
of Uie planisphere were joined together. 

PROBLEM Xn. 

TO FINn WHAT STARS WILL BE ON OR NEAR THE UERIOIAN AT 

ANY GIVEN TIME. 

Rule. — Find the ri^ht ascension of the meridian bf 
Problem XL over which lay a ruler, and draw a pencil line 
aion^ its edge from the top to the bottom of the planisphere, 
and It will show all the stars that aie on or near the meridian. 

Example 1. — Required what stars will be on or near the 
meridian at 9 hours 25 minutes past noon, Sept. 16th, 1833? 

Solution. — The right ascension of the meridian by Prob- 
lem XL is 21 hours : this hour circle, or the line which passes 
up and down through the planisphere, shows that no star 
will be directlv on the meridian at the given time ; but that 
Alderamin will be a little to the east, and Deneb Cygni, 
a little to the west of it ; also Zeta Cygni, and Gamma and 
Alpha in the Little Horse, very near it on the east. 

PROBLEM xm. 

TO FINU THE EARTH's MEAN UISTANCE FROM THE SUN. 

Rule. — As the Sun's horizontal parallax is to radios, so 
ib the semi^iameter of the Earth to its distance from the 
Sun. 

By Logarithms, — ^As tangent of the Sun's horizontal pa^ 
allax is to radius, so is the Earth's semi-diameter to ha 
mean di^iance from the Sun. 

e''.57r6 : 906M4'^8 : : 9968 : 96^273,880 mOes 
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By Logarithnu. 
Ai fangent of Son's horixoatal pandlaz, 8'^6776 - 6.6HM07 
fH to ndius, or 90^, - 10.CJOOOOOO 

Mo is the Earth's semi-diameter, 3902. — 3.6979146 

To the Earth's distance, 96^273,869- 7.9789738 

PROBLEM XIV. 

ro FIND THE DISTANCE OF ANT PLANET FROM THE SUN, THAT 

OP TBE EARTH BEING KNOWN. 

Rule. — Divide the square of the planet's sidereal revolu- 
tiun round the Sun, by the square ot the Earth's sidereal re- 
volution, and maltiply the cube root of the quotient by the 
Earth's mean distance from the Sun. 

By Ltogarilhms.-^From twice the logarithm of the plan- 
et's sidereal revolution, substract twice the logarithm of the 
Earth's sidereal revolution, and to one third of the remain- 
der, add the logarithm of the Earth's mean distance from 
the Sun. 

ExAMFUL— Required Mercury's mean dislance fiom the Sun, that of IIm 
Earth being 95,273,869 miles. _ 

Mercury's sidereal revolution is 87.969268 days, or 7600643'^8912 : ills 
Earth's sideresl revoIuUon is 366^266374417 days, or 

31S68161'^6 7600643.9 

3166816r'i» 7600643.9 



996016962096962.25 by which dMde 67766267876827^21 
and the quotient will be .062006106713292; the cube root of which in 0.3870977, 
and this multiplied by 94,881391, gi^^o 36,727,607 miles, for Mercury's distance 
from the Sun. This problem may be performed by kfarithms is as many 
minute* as the former method requires houn. 

Mercury's Sid. Rev. 760U543''.9 log. » 6.8808447X2 13.7616894 

Earth's Sid. Rev. 31668151'^ log. - 7.499130^2 14.9982604 

|>-2.7634290 

1.5878097 
Add. kg. of the Earth's mean distance, * 7.9789738 

Mercury's distance, 36,880422. Ans. 7.6667836 

If the pupil have not already learned the use of locarlthms, this problem 
wUlsscisry him of their unspealcable advantage over all other modes of com- 
putation. By reviewing the above calculation, he will perceive that instead of 
multiplying 31668161' .5 by itself, he need only multiply its logarithms by ttoof 
and, instead of extracting the cube root of 0.0580051067la«2, he need onlv 
divide iu logarithm b? three ! and, instead of multiplying 0.3870977, by 954873, 
669, be need onlv adi their logarithms together. He need not think himself a 
4u^ scholar, if By the former method he come to the true result in fivM 
kmT9 , nor remarkably quiclc, if by the laiter he come to it in^vs fm'fwlss. 

PROBLEM XV. 
TO FIND THE HO0RLT MOTION OF A PLANET Of ITS'ORBIT, 

Rule.— Multiply the planet's mean distance from the 
3a n by 6,2831853, and aivide the product by the time oi 
^e planet's sidereal revolution, expressed in hours, and tbv 
ocimals of an hour. 
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By Logarilhms.— Add 0,7981709 to the logarithm of the 
planet's mean distance ^rom the Sun, and from the sum 
substract the logarithm of the planet's revolution expressed 
in hours. 



:.— Reqaired the Earth's honrlr motion in it«orlnL 
Lof . of Earth% distance - 7.9789738-1-0.7961799 - 8.7771537 

Babatract log. of Earth's revolution 3.9428090 

Giyes Earth'v horary moUon, G8^ miles, - 4.8343M7 

PROBLEM XVL 
TO FUID TR£ HOURLY MOTION OF A PLANET ON ITS AXIS. 

Rule. — Multiply the diameter of the given planet by 
3.14159, and divide the product by the period of its diurna' 
rotation. 

By Logarithms. — Add 4.0534524 to the logarithm of thr 
planet's diameter, and from the sum substract the logarithm 
of its diurnal rotation, expressed in seconds. 

JSarth'8 diameter, 7921 log. - 3.8989446 

Add log. of 3600"-{-log. of 3.14169 - 4.0634S24 

79SQ3969 
Oobstract log. diornal rotation, 23 h. 66^ 4".09 - 49863263 

Ans. 1040.09 miles- 3.0170706 

PROBLEM XVIL 
TO FIND THE RELATIVE MAGNITUDE OF THE PLANBTS. 

Rule. — Divide the cube of the diameter of the larger 
planet, by the cube of the diameter of the less. 

By Logarithms, — From three times the logarithm of the 
larger, substract three times the logarithm of the less. 

ExAMVLB.— How much does the size of the Earth exceed that of tbm 
Moon? 

Earth's diameter, 70112 log. 3.8962863X3 - 1 1.6948689 

Moon's diameter, 2160 log. 3.3343376X3 - 10.W30I98 

The Earth exceeds the Moon, 49.1866 times. Ann. 1.0918401 

In this example, 7912 miles is assumed as the mean between Che Baigji*> 

auatorial and polar diameter : the former being TSEM^ and tlie latter 7898 
lea 

PROBLEM XVm. 

TO FIND THE PROPORTION OF SOLAR UGHT AND HBAT AT SACH 

OF THE PLANETS. 

Rule. — Divide the square of the planet's greater distance 
from the Sun, by the square of the less. — Or, substract twice 
the logarithm of the greater distance, from twice the loga- 
rithm of the ^ess. 
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BzAMPLB. — ^How much greater is the Sun's Ugai and 
eat at Mercury, than at the Earth 'I 

Log. of Earth'8 diitaaee 7.9780738y2 - .5.959^78 

— of Mercury'! 7.66679S9X2 -15.1336918 . 

Am. 0.6736 timet greater - CSaidGGS 

PROBLEM XIX. 
TO nND THE CIRCUMFERENCE OF THE PLANETS. 

RcLE. — Multii)ly the diameter of the planet hj 3.14159 
)r, add the logaritnm of the planet's diameter to 0.4971 19S 

PROBLEM XX. 
TO FIND THE CIRCUMFERENCE OF THE PLANETARY ORBITS. 

Rule. — Multiply the planet's mean distance from tht 
8un, by 6.2831853 : or, to the logarithm of the planet'^ 
mean distance, add 0.7981799, and the sum will be the lo- 
garithm of the answer. 

PROBLEM XXL 

TO FIND IN WHAT TIME ANT OF THE PLANETS WOULD PALL Ti 
THE SITN IF LEFT TO THE FORCE OF GRAVITATION ALONE. 

Rule. — Multiply the time of the planet's sidereal reyolu' 
tion, by 0.176776 ; the result will be the answer. 

By Logarithms, — From the logarithm of the planet's si* 
dereal revolution, substract 0.7525750, and the remainder 
will be the logarithm of the answer, in the same denomina- 
tion as the sidereal revolution. 

Required the timet, respectiTeljr, in which the levenl planed would ftl 
10 the Sun by the force of gravity. 



Planets woold iail to 


Days. B M. S. 


Logarithms. 


the Sun. 






Mercuryt 


15 13 13 16 


6.1262686 


Venus, 


39 17 19 22 


6.6356424 


Eartlt,' 


64 13 38 56 


&7465367 


Mara, 


121 10 36 3 


7.0206317 


Jupiter, 


766 21 33 36 


7.8206849 


Saturn, 


1901 23 21 4 


a2157186 


Heraehel, 


6424 16 62 1 


8.6706887 


Moon to the Earth, 


4 19 61 67 


6.6204469 
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TABLE n. 

EUhibitin^ the* Right Ascension and Declination of the princiiNt! 
Fixed Stars, and the time of their coming to the Meridian. 

ThMe to which S is aunexed are in South declination ; the others &re in North 

declination. 



sg 



3 

4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
SO 
SI 



Names of the Stars. 



y 

9 
f 



If Persei, 
2v Eridani, 
Eridani, 
Tauri, 

Tauri, Aldebaran, 
fi Eridani, 
A Auri^, Capella 
Orionis, Rigel, 
/8 Tauri, El Nath, 
H Orionis, 
y Orionis, Bellatril, 

Lcporis, Nibal, 
^ OrionLs, Mintaka, 
* Leporis, Arneb, 

1 Orionis, Anilam, 
( Tauri, 

f Orionis, AInitak, 
A Columbae, Phaet, 
y Orionis, Saiph, 
)2f Columbs, 
fit Orionis, Betelguese 

2S ^;dAurigoe,Menkalina 



23* Geminorum, Tejat, 

34 /u vTciiiinorum, 

25 f Canis Majoris, 

26 ^ Ca. Maj., Mirzam, 

27 A Navis, Canopus, 
28? Gemino., Alhena, 
S9 << Canis Maj., Sirius, 
30* Canis Maj., Adhara, 

31 f Geminorum. 

32 > C. Maj., Muliphen, 
33/ C. Majoris, Wesen, 
34^ Gemino., Wasat, 

35 ^ Ar^o Navis, 

36 « C- Maj., Aludra, 

37 * Gemino., Castor, 
:>K < C. Minor, Procyon, 
;^<)> Ar.Navis,Markab, 
4(0 i Gemino., Pollux, 



9 




Right 


De'*lini>tinn. 


On the 


• 


s 


Ascension. 


^k^%« 




Merid. 


68 


H. 


X. 


8. 





/ // 






3 


3 


47 


8 


39 


31 37 


Jan. 


1 


3 


3 


50 


15 


13 


59 4S. 




3 


3 
3 


4 


3 


31 


7 


16 .32S. 




5 


4 


18 


52 


18 


8-18 




8 


1 


4 


26 


21 


16 


10 4 




10 


3 


4 


39 


35 


5 


18 : OS. 




13 


1 


5 


4 


22 


45 


49 10 




19 


1 


5 


6 


31 


8 


23 55S. 




20 


2 


5 


15 


44 


28 


27 39 




22 


3 


5 


15 


36 


2 


33 I7S. 




22 


2 


5 


16 


11 


6 


11 32 




22 


3 


5 


21 


22 


20 


53 46S. 




23 


2 


5 


23 


29 





25 39S. 




24 


3 


5 


25 


33 


17 


56 50S. 




24 


2 


5 


27 


44 


1 


18 49S. 




25 


3 


5 


27 


53 


21 


2. 7 




25 


2 


5 


32 


20 


2 


2 9S. 




26 


2 


5 


33 


9 


34 


10 2S. 




26 


3 


5 


39 


29 


9 


44 2S. 




27 


3 


5 


45 


6 


35 


50 12s. 




29 


1 


5 


46 


8 


7 


22 6 




29 


2 


5 


47 


17 


44 


55 24 




29 


3A 


6 


4 


54 


22 


23 I 


Fc-t. 


"3 


3 


6 


12 


54 


22 


35 48 




4 


3 


6 


14 


4 


29 


59 36S. 




5 


2 


6 


15 


23 


17 


52 41S. 




5 


1 


6 


20 


15 


52 


36 23S. 




6 


3 


6 


28 


4 


16 


32 18 




8 


1 


6 


37 


47 


16 


29 27S. 




11 


3 


6 


53 


14 


28 


44 55S. 




15 


3 


6 


53 


53 


20 


48 36 




15 


3 


6 


56 


26 


15 


23 20S. 




lb 


2 


7 


1 


17 


26 


7 53S. 




17 


3 


7 


10 


8 


23 


17 6 




19 


3 


7 


11 


7 


36 


48 7S. 




19 


2 


7 


17 


16 


28 


58 50S. 




21 


2 


7 


23 


56 


32 


14 52 




23 


1 


7 


30 


33 


5 


38 55 




24 


3 


7 


32 


17 


26 


26 22S. 




25 


2 


7 


35 


5 


28 


25 28 




26 



TABLE n.— Contiinicd. 



& 



41 



Names of the Stars. 






I Argo Navis, 



^ ( Argo Navis, Naos. 

43 y Argo Navis, 

44 i Argo Navis, 

45 / Argo Navis, 

46 i Ursae Majoris, 

47 fit Cancri, Acubens, 
'48 \ Argo Navis, 

49/3 A. N.,Maia Placid. 
50; ;t Argo Navis, 



51 
52 
53 

54 

57 

58 
59 

eo 

61 
62 
63 
64 

65 
66 
67 
68 
69 



* Hydrae, Alphard, 
d Ursae Majoris, 
I Leonis, 



fA. Leonis, Rasal Asad. 
« Leonis, 
A Leonis' Regains, 
X Ursae Majoris, 

^ Leonis, Atdhafara, 
y Leonis, Al Gieba, 
^ U. M., El Phekrah, 

A Leonis Minoris, 
d Argo Navis, 
• Argo Navis. 
A Crateris, Alkes, 

/8 Ursae Maj., Merak, 
<t Ursae Ma|., Dubhe, 
/ Leonis, Zozma, 
B Leonis, 
A Draconis, Giansar, 



70 yd Leonis^ Denebola, 

71 ^ Virginis, Zavijavk, 

72 > U. Maj.. Phach'd, 

73 ^ Centaaii, 
74/ Cmcis, 

75/ Ursae M., Megrez., 

'W|> Corvi, 
Cnicis, 
/ Corvi, Algorab, 

> Cmcis, 
«W Corvi, 



77 

78 

79 



2 
2 

2.3 
2.3 
3 
3.4 
2.3 

1 
2.3 
2 
3 
3 



3 

3.4 

1 

3 

3 

2.3 

3 

3 
2.3 

2 
3.4 

2 
2 
3 
3 
3 






3 
2 



A^^ 1 Declination. 



B. K. 



I O 



♦/ 



7 42 20 24 26 35S. 



7 57 

8 4 

8 19 

8 40 

8 47 

8 49 

9 1 



9 
9 
9 
9 
9 



12 
16 
19 
21 
36 



44 39 

23 46 

5 '58 

7 54 

47 48 

45 |12 

51 42 

57 '69 
59 54 
23 I 7 



47 53 
22 24 



32 3S. 

50 43S. 

58 33S. 

5 43S. 

41 50 

30 9 

45 40S. 

1 54S. 

17 533. 

56 US. 

26 45 

32 26 



9 

9 

9 

10 

10 



42 

58 

59 

6 

7 



10 10 

10 11 

10 28 

10 37 

10 38 

10 51 

10 51 

10 53 

11 6 
11 6 
11 20 



56 
13 
28 

58 

23 
45 
55 

47 
12 
36 
35 

42 
21 
13 
39 
17 



2 11 40 32 

3 11 42 

2 11 45 1 
2.3 U 59 44 

3 12 6 21 
12 7 7 

3| 12 7 38 

1 13 17 23 



26 
17 
12 
43 

24 
20 
42 

32 
63 
58 
17 
57 



21 
16 
70 



13 21 38 
12 21 66 



On the} « 
Merid.P 



Feb. 



Mar. 



28 



47 32 
34 34 
46 52 
44 49 

14 53 
41 16 
20 15 

50 39 

31 14S. 

48 34S. 
24 36S. 

16 35 

39 3 

27 32 

20 39 

15 3 



4 
' 5 

i 9 
15 
17 
18 
21 

24 
25 
26 
27 
31 



15 30 29 
2 42 43 

54 37 1^ 

49 30 15S. 

57 32 4S. 

57 58 46 

16 36 42S. 
62 10 268. 
15 34 49S. 
56 10 82S. 



Apn'L 1 
6 
6 
8 

8 
9 
9 

14 
16 
17 
20 



21 
24 
34 



V*- 



13 25 39 |22 38 9S. 



3 
3 

4 

8 
10 
10 

10 
13 
14 

\H 
•US 



TABLE IL— Continued. 



^ 


Names of the Stan. 




Right 
Ascension. 


Declination. 


On the 
Merid. 




81 


^ Draconis, 


3 


12 


M. ■ 

26 23 



70 




42 


38 


May. 


15 


82 


y Centauri, 


8.3 


12 


32 23 


48 


2 


23S. 


w 


16 


83 


y Virginis, 


3 


12 


33 37 





31 


55S. 




17 


84 


^ Crucis, 


2 


12 


38 3 


58 


46 


27S. 




18 


85 


« Ur.Majoris,Aiioth, 


2 


12 


46 27 


57 


52 


5 




20 


86 


/ Virginis, 


3 


12 


47 12 


4 


18 


31 




20 


87 


« Cof-Caroli, 


3 


12 


47 57 


39 


13 


21 




20 


88 


• Vir., Vindcmiatrix, 


3 


12 


56 36 


11 


51 


32 




25J 


89 


y Hydrae, 


3 


13 


9 42 


22 


17 


9S. 




26 


90 


' Centaun, 


3 


13 


10 48 


35 


49 


49S. 




26 


91 


* Virginis, Spica, 


1 


13 


16 24 


10 


17 


lOS. 




27 


92 


( Ursae Maj., Mizar, 


2 


13 


17 11 


55 


17 


59 




28 


93 


i Virginis, 


3 


13 


25 36 





15 


43 




30 


94 


f Centaaii, 


2.3 


13 


29 20 


52 


32 


20S. 




31 


95 


» U. M., BeneUiaseh, 


"2 


13" 


40 57 


50 


8 


58 


June. 


2 


96 


i Centauri, 


3 


13 


45 11 


46 


27 


37S. 




3 


97 


» Bootis, 


3 


13 


46 32 


19 


14 


39 




4. 


98 


jd Centauri, 


1.2 


13 


52 8 


59 


33 


36S. 




5 


99 


<t Draconis, Thuben, 


3 


13 


59 52 


65 


10 


31 




7 


100 


a. Bootis, Arcturus, 


1 


14 


8 3 


20 


3 


21 




8 


101 


* Centauri, 


2.3 


14 


24 54 


41 


25 


OS. 




13 


102 


> Bootis, Seginus, 


3 


14 


25 17 


39 


2 


32 




13 


103 


* Centauri, 


1.2 


14 


28 58 


60 


9 


28S. 




14 


104 


* Lupij 


3 


14 


30 46 


46 


39 


47S. 




14 


105 


* Bootis, Mirac, 


3 


14 


37 41 


27 


47 


2 




16 


106 


' Librae, Zubenesch, 


2.3 


14 


41 27 


15 


20 


29S. 




17 


107 


fi U. Mino« Kor,hah, 
^ Bootis, Nekkar, 


3 


14 


51 16 


74 


50 


17 




19 


108 


3 


14 


55 12 


41 


3 


18 




20 


109 


/0 Librae, Zubenelg, 


2.3 


15 


8 2 


8 


45 


41S. 




23 


110 


^ Serpentis, 

« C. 6or.. Alphacca, 

t Serpentis, unuk. 


3 


15 


26 32 


11 


6 


14 




28 


111 


2 


15 


27 37 


27 


16 


55 




28 


112 


2 


15 


36 3 


6 


57 


24 




30 


113 


/8 Serpentis, 


3 


15 


38 29 


16 


It" 


7 


July. 


1 


114 


• Serpentis, 


3 


15 


42 36 


6 


59 


7 




8 


115 


y Serpentis, 


3 


15 


48 26 


16 


12 


59 




8 


116 


w Scorpii, 


3 


15 


48 4 


25 


37 


lis. 




8 


117 


a Scorpii, ' 


3 


15 


50 28 


22 


8 


18S. 




4 


118 


^ Scorpii^ 


3 


15 


55 44 


19 


90 


288. 




5 


119 


DraoDOis, 


8 


16 


56 37 


59 





38 




• 



TABLE n.-<;ofittimed 



1 


Names of the Stars. 


• 

o 


Right 
Ascension. 


De< 

o 

3 


slination. 


On the ^ 
Merid.;^ 


lao 


/ Ophiu., Yed, or Jed. 


H. 

16 


5 


8. 

36 


1 
15 


18S. 


July. 


7 


121 


f Ophiuchi, 
y Hercules. 


3 


16 


9 


39 


4 


16 


37S. 




8 


122 


3 


16 


14 


23 


19 


33 


1 




9 


123 et Scorpii, Antares, 


1 


k; 


19 


10 


26 


3 


7S. 


Ill 


124* Draconis, 


3 


16 


21 


12 


61 


53 


3» 




11 


125 /8 HerculeSjRutilicus, 


3 


16 


23 


22 


21 


57 


36 




13 


126',^ Ophiuchi. 


3 


16 


27 


45 


10 


13 


15S. 




13 


127* Triang. Australis, 


2.3 


16 


31 


3 


68 


42 


23S. 




14 


128 ? Herculis, 
129;i Scorpu, 


3 


16 


34 


59 


31 


54 


39 




15 


3 


16 


39 


4 


33 


58 


40S. 




16 


ISOIm I Scorpii, 


3 


16 


40 


8 


37 


45 


14S. 




16 


13l!<f Scorpii, 
132; Herculis, 


3 


16 


42 


52 


41 


3 


33S. 




17 


3 


16 


54 


14 


31 


10 


40 




19 


133' J, Ophiuchi, 

134' « Her., Ras Algethi, 


2.3 


17 





50 


15 


30 


35S. 




21 


2.3 


17 


7 


2 


14 


35 


17 




23 


135'/ Herculis, 


3 


17 


8 


20 


25 


2 


43 




23 


136' > Draconis, 
1371^ Arae, 


3 


17 


8 


23 


65 


55 


12 




23 


3 


17 


18 


57 


49 


43 


54S. 




24 


138!v Scorpii, Lesath, 
139 fl, Scorpii, 


2.3 


17 


22 


58 


36 


58 


24S. 




27 


3 


17 


25 


20 


42 


52 


55S. 




27 


140 A Ophiu., Ras Alhag. 


217 


28 


11 


12 


.41 


20 




28 


141 


/2 Ophiuchi, Cheleb, 


3 


17 


35 


36 


4 


38 


40 




30 


142 


y Ophiuchi, 


3 
^3 


17 


39 


56 


2 


46 


42 




31 


143 


y Draconis. Rastaben, 


17 


52 


44 


51 


30 


42 


Aug. 


3 


144 > 2 Sagittarii, 


3 


17 


55 


5 


30 


24 


401;. 




4 


145 cT Sagittarii, 


3 


18 


10 


1 


29 


53 


28S. 


• 


8 


146 • Sagittarii, 


2.3 


18 


12 


49 


34 


27 


14S. 




8 


147 A Lvrse, Vega, 
148/ Ursae Mlnoris, 


1 


18 


26 


11 


38 


38 







12 


3 


18 


28 


6 


86 


35 


47 




12 


149 /8 LyrsB, 
150y Sagittarii, 


2.3 


18 


43 


55 


33 


10 


33 




17 


2 


18 


44 


58 


26 


29 


42S. 




17 


151 


6 Serpentis, Alga, 


3 


18 


47 


36 


3 


59 


20 




18 


152 


/ Lyrae, 


3 


18 


49 


6 


36 


41 


28 




18 


153 


i Sagittarii, 


3 


18 


52 


1 


30 


6 


40S. 




19 


154 


y Lyrae, Jugum., 


3 


18 


52 


11 


32 


27 


47 




19 


155 


i Aquils, 


3 


18 


52 


26 


14 


50 


4 




19 


156 


i A., Deneb e Okab, 


3 


18 


57 


44 


13 


37 


20 




20 


157 


«• Sagittarii, 


3 


18 


59 


54 


21 


16 


56S. 




21 


iH 


« Sagittarii, 


3.4 


19 


12 


19 


40 


55 


9S. 




21 


/ Draconis, 


3 


19 


13 


29 


67 


21 


59 




2« 



TABLE n^-Canti&ned. 



4. 


Names of the Stars. 


3 


A^ion.l^«^«»^°»- 


On the 
Merid. 


I 


160 


/ Aqnile, 


19 


17 


5 


2 


46 


57 


Aug. 


26 


161 


b Vulpeculse, 


3.4 


19 


21 


20 


21 


20 


5 




27 


162 


/? Cygni, Albireo, 


3 


19 


24 


17 


27 


36 


51 




28 


163 


y Aqnilae, Tarazed, 


3 


19 


38 


19 


10 


12 


48 




31 


164 


^ Cygni, 


3 


19 


40 





44 


43 


25 


Sept. 


"1 


165 


* Aquilae, Altair^ 


1.2 


19 


42 


38 


8 


26 


2 


A 


1 


166 


^ Aquilse, Alsham, 


3 


19 


47 


7 


5 


59 


47 




3 


167 


d Aqnils, 

* 1 Capri., Dshabeh, 


3 


20 


2 


38 


1 


18 


39S. 




7 


168 


3 


20 


8 


23 


13 


1 


59S. 




9 


169 


A 2 Capricomi, 

/8 Capricomi, Dabih, 


3 


20 


8 


47 


13 


3 


16S. 




9 


170 


3 


20 


11 


48 


15 


18 


15S. 


ft 


10 


171 


A Payonis, 
y Cygnij Sa'dr, 


1.2 


20 


12 


23 


57 


15 


42S. 


Vh 


10 


172 


3 


20 


16 


11 


39 


43 


32 




11 


173 


< Delphini, 


3 


20 


25 


32 


10 


44 


29 




13 


174 


li Delphini, Rotanen, 


3 


20 


29 


29 


13 


59 


53 




15 


175 


tt Delphini, Scaloyin, 


3 


20 


31 


53 


15 


59 


32 




15 


176 


/ Delphini, 


3 


20 


35 


29 


14 


28 


53 




16 


177 


A Cygni, Deneb, 

y Delphini. 

• Cygni, Gienah, 


1.2 


20 


35 


45 


44 


41 


15 




16 


178 


3 


20 


38 


29 


15 


31 


47 




17 


179 


3 


20 


39 


16 


33 


20 


16 




17 


180 


i' Cygni, 


3 


21 


5 


22 


29 


32 


45 




25 


181 


A Cephei^Alderamin, 


3 


21 


14 


35 


61 


52 


45 




27 


182 


/3 Aqnarii, 


3 


21 


22 


46 


6 


18 


' 9S. 
43 




29 


183 


;8 Cephei, Alphirk, 


~3 


21 


26 


28 


69 


49 


Oct. 


"5 


184 y Capricomi, 


3 


21 


30 


45 


17 


24 


48S. 




3 


185 • Pegasi,Eiui; 


2.3 


21 


35 


32 


9 


6 


47 




4 


186 


i" Capncorni, 


3 


21 


37 


49 


16 


52 


33a 




9 


187 


ec Aquarii, 


3 


21 


67 


12 


1 


7 


33S. 




9 


188 


* Grois, 


2 


21 


57 


40 


47 


45 


38S. 




11 


189 


f Cephei, 


3 


22 


5 


5 


57 


22 


59 




13 


190 


y Aquarii, 


3 


32 


12 


38 


2 


13 


409. 




16 


191 


f* Piscis Anstralis, 


3 


23 


21 


50 


33 


11 


44S. 




18 


192 


> Piscis Anstralis, 


3 


22 


31 


49 


27 


54 


48S. 




19 


193 


f Pegasi, 


3 


22 


33 


36 


9 


57 


49 




22 


194 


^ Aquarii, Scheat, 


3 


29 


45 


43 


26 


42 


31S. 




23 


195 


« Pise. Aust..Fomalh. 


1 


22 


48 


24 


30 


30 


18S. 




24^ 


196 


/0 Pegasi, Scteat, 


2 


22 


55 


32 


27 


10 


27 


( 


25 


197 


A Pegasi, Markab, 


8 


22 


56 


27 


14 


18 


37 


Nov. 


1 



97 



A 



TABLB II.— Cootl&uiBd. 



1 


Names of the Stars. 


s 


Right ; 
Ascension, i 


Dedinatioo. 

• 


Oil the 
Merid. 


• 






H. 


X- 


«. 1 o 


» 


#/ 






196 > Cepfaei, Er Rai, | 


323 


32 


16 .76 


41 


53 


Nov; 


10 


iS3' 


* Andromedae, Alph., 


2 23 


59 


46 28 


10 


9 




10 




^ Casslopeiae, Chaph, 


324 





36 58 


13 


47 




11 


901>Pegasr,Alg:enib; 


3 





4 


39 


14 


15 


23 




14 


202^ Hydras, 


3 





15 


56 


78 


12 


7S. 




14 


203 J Phoenicis, 


2.3 





18 


1 


43 


12 


12S. 




17 


204/ Andromeoae. 


3 





30 


36 


29 


56 







17 


205 * Cassiop., Schedir, 
206/8 Ceti, DenebKaitos, 


3 





31 


6 


55 


37 


13 




18 


2 





35 


12 118 


54 


17S. 




21 


207 > Cassiopeia, 


3 





46 


41 59 


48 


41 




34 


20a* U. M. Alrncrabah, 


2.3 







19 ;88 


25 


7 




24 


209 
210 


ji iladro., Mirach, 


2 
3 







45 


34 


44 


10 




28 


/ Cassio., Ruchbnh, 




14 


57 


59 


21 


54 


Dec. 


3 


211 « Eradani, Achemar, 


1 




31 


21 


58 


12 


37S. 




4 


212 f Cassiopeiae, 

213 i Geti, Baton Kaitos, 


3 




42 


11 


62 


50 


43 




4 


3 




43 


35 


11 


9 


36S. 




5 


214'i0 Arietis. 


3 




45 


45 


20 


59 


30 




7 


215 


*■ Plscium,ElRisc)ia, 


3 




53 


38 


1 


57 


19 




7 


216 


y Andro., Almaach. 


2 




53 


54 


41 


31 


32 


8 


217 


* Arietis. or El Nath, 


2 




57 


47 


22 


40 


11 


11 


218 


• Ceti, Mira, 


2 


2 


10 


36 


3 


43 


59S. 




15 


219 


/ Ceti, 


3 


2 


30 


38 





23 


15S. 




15 


220 


f Ceti. 


3 


2 


31 


31 


12 


34 


493. 




16 


221 


y Ceti, 


3 


2 


34 


38 


2 


31 


57 




90 


222 


y Pereei, 

X Ceti,Menkar, 


3 


2 


52 


13 


52 


50 


46 




30 


^ 


2 


2 


53 


33 


3 


25 


54 




21 


224 


/8 Persej, Algol, 


▼ar. 


2 


56 


52 


40 


18 


30 




33 


225 


X Pomax Chemica, 


3 


3 


5 


20 


29 


39 


503. 




23 


226 


i Eridani, 


3 


3 


7 


31 


9 


26 


313. 




25 


227 


« Persei, Algeneb, 


2 


3 


12 


26 


49 


15 


38 




27 


228 


• Eridani, 


3 


3 


25 


32 


10 


1 


263. 




39 


229 


^ Persei, 


3 


3 


31 


4 


47 


14 


54 




30 


230 


/ Eridani, 


3 


3 


35 


31 


10 


20 


16S. 




30 


231 


« Pleiades, Alcyone, 


3 


3 


37 


34 


23 


35 


^ 1. 




232 


; Persei, 


^ 


T 


44 





sT 


23 


96 


Jan. i 


1 



TABLE nt 

Kzhibitinx the Sun's Right ABcension, m Time^ for every day in the 

year. 



• 


Janoarj. 


February. 


March. 


April. 


May. 


June. 


I 




h. m. 8. 


h. m. 8. 


h. ni. 8. 


h. m. 8. 


h. in. 8. 


h. m. 8. 




1 


18 46 21 


20 58 43 22 47 51 


41 25 


232 36 


4 35 .4 


1 


2 


18 50 46 


21 2 4722 51 35 


045 3 


2 36 25 


4 39 19 


3 


3 


18 55 11 


21 6 5022 55 19 


48 42 


2 40 14 


4 43 25 


3 


4 


18 59 35 


21 10 53 22 59 3 


52 20 


244 4 


4 47 31 


4 


5 


19 3 59 


21 14 5423 2 46 


55 59 


2 47 55 


4 51 38 


5 


6 


19 8 22 


21 18 55 23 6 28 


59 57 


2 51 46 


4 55 45 


6 


7 


19 12 45 


21 22 55 23 10 10 


1 3 16 


2 55 37 


4 59 52 


7 


8 


19 17 7 


21 26 54 23 13 52 


1 6 56 
1 10 35 


2 59 30 


5 359 


8 


9 


19 21 29 


21 30 53 23 17 33 


3 322 


5 8 7 


9 


10 


19 25 50 


21 34 50 23 21 14 


1 14 15 


3 7 16 


5 12 15 


10 


11 


19 30 11 


21 38 4723 24 54 


1 17 55 


3 11 10 


5 16 24 


11 


12 


19 34 31 


21 42 43 23 28 35 


1 21 35 


3 15 4 


5 20 32 


12 


13 


19 38 50 


21 46 3823 32 14 


1 25 15 


3 19 


5 24 41 


13 


14 


19 43 9 


21 50 33 23 35 54 


1 28 56 


322 55 


5 28 50 


14 


15 


19 47 27 


21 54 2723 39 34 


1 32 38 


3 26 52 


5 32 59 


15 


16 


19 51 45 


21 58 2023 43 13 


1 36 19 


3 30 49 


5 37 9 


16 


17 


19 56 1 


22 2 1223 46 52 


1 40 1 


3 34 46 


5 41 18 


17 


18 


20 18 


22 6 423 50 31 


1 43 44 


3 38 44 


5 45 28 


18 


19 


20 4 33 


22 9 5523 54 9 


1 47 26 


3 42 43 


5 49 37 


19 


90 


20 848 


22 13 45 23 57 48 


1 51 10 


3 46 42 


5 53 47 


26 


31 


20 13 2 


22 17 35 1 26 


1 54 53 


3 50 42 


5 57 57 


21 


22 


20 17 15 


22 21 24! 5 4 


1 58 37 


3 54 42 


6 2 7 


22 


23 


20 21 27 


22 25 13 8 43 


2 2 22 


358 44 


6 6 16 


23 


24 


20 25 39 


22 29 1 12 21 


2 6 7 


4 245 


6 10 26 


24 


26 


20 29 50 


22 32 48 


15 59 


2 9 53 


4 6 47 


6 14 35 


25 


26 


20 34 


22 36 35 


19 37 


2 13 39 


4 10 49 


6 18 44 


26 


27 


20 38 9 


22 40 21 


23 15 


2 17 25 


4 14 52 


622 54 


97 


28 


20 42 18 


2244 6 


026 53 


2 21 12 


4 18 56 


627 3 


28 


29 


20 46 25 




30 31 


224 59 


423 


6 31 11 


29 


30 


20 50 32 




034 9 


2 28 47 


427 4 


635 20 


30 


SI 


20 54 38 




37 47 




4 31 8 




31 



TABLE nL— Oootiiuied. 



1 


J«ij. 


kogaaL 


BepL 


Oct 


Not. 


Dec ^ 




h. m. ft. 


h m. s. 


h. m. a. 


h. m. 8. 


h. m. «. 


h. DL a. 


1 


639 28 


8 44 22 


10 40 30 


12 28 35 


14 24 45 


16 28 29 I 


s 


643 36 


8 48 15 


10 44 8 


12 32 12 


14 28 41 


16 32 48 3 


3 


6 47 44 


852 7 


10 47 45 


12 35 50 


14 32 37 


16 37 8 3 


4 


6 51 52 


855 59 


10 51 22 


12 39 28 


14 36 34 


16 41 391 4 


5 


6 55 59 


859 50 


10 54 59 


12 43 6 


14 40 32 


16 45 50 


6 


6 


7 6 


9 3 40 


10 58 36 


12 46 45 


14 44 30 


16 50 12 


6 


7 


7 4 12 


9 730 


11 2 12 


12 50 24 


14 48 30 


16 54 34 


7 


8 


7 8 18 


9 U 19 


U 5 48 


12 54 4 


14 52 30 


16 58 57 


8 


9 


7 12 24 


9 15 8 


11 9 24 


12 57 44 


14 56 31 


17 3 20 


9 


10 


7 16 30 


9 18 56 


11 13 


13 1 24 


15 34 


17 7 44 


10 


11 


720 35 


9 22 44 


11 16 36 


13 5 5 


15 4 37 


17 12 9 


11 


12 


724 39 


9 26 31 


11 20 12 


13 8 47 


15 8 41 


17 16 33 


12 


13 


728 43 


9 30 18 


U 23 48 


13 12 29 


15 12 45 


17 20 58 


13 


U 


7 32 47 


9 34 4 


11 27 23 


13 16 12 


15 16 51 


17 25 24 


14 


15 


736 50 


9 37 49 


11 30 59 


13 19 55 


15 20 57 


17 29 49 


15 


16 


740 53 


9 41 34 


11 34 34 


13 23 38 


15 25 5 


17 34 16 


16 


17 


744 55 


9 45 19 


11 38 10 


13 27 23 


15 29 13 


17 38 41 


17 


18 


7 48 57 


9 49 3 


11 41 45 


13 31 6 


15 33 22 


17 43 8 


18 


19' 


7 52 58 


9 52 46 


11 45 21 


13 34 53 


15 37 32 


17 47 34 


19 


90 


756 59 


9 56 29 


11 48 56 


13 38 39 


15 41 42 


17 52 1 


20 


21 


8 059 


10 12 


11 52 32 


13 42 26 


15 45 54 


17 56 27 


21 


22 


8 459 


10 3 54 


11 56 8 


13 46 13 


15 50 6 


18 54 


22 


23 


8 858 


10 7 35 


11 59 43 


13 50 1 


15 54 19 


18 5 21 


23 


24 


8 12 56 


10 11 16 


12 3 19 


13 53 50 


15 58 33 


18 9 47 


24 


25 


8 16 54 


10 14 57 


12 6 55 


13 57 39 


16 2 47 


18 14 14 


25 


26 


820 52 


10 18 37 


12 10 31 


14 1 29 


16 7 2 


18 18 40 


26 


27 


824 48 


10 22 17 


12 14 7 


14 5 20 


16 11 18 


18 23 7 


27 


28 


828 44 


10 25 56 


12 17 44 


14 9 12 


16 15 35 


18 27 33 


28 


29 


832 39 


10 29 35 


12 21 21 


14 13 4 


16 19 52 


18 315& 


29 


39 


836 34 


10 33 14 


12 24 57 


14 16 57 


16 24 10 


18 36 24 


30 


U 


640 26 


10 36 58 




14 20 51 




16 40 50 


SI 



TABLE IV. 



Showing tha R%ht ABoensioii of the Mid-Heayen at 9 o'docL u tho 

evenmg^ for every day in the year. 



1 

8 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

90 

21 



23 
24 
26 
26 
27 
28 
29 
30 
tt 



January. 



4 

4 

4 



h. m. 8. 
3 46 21 
3 50 46 
3 55 11 

3 59 35 

4 3 59 
8 22 

12 45 
17 7 

4 21 29 
425 50 
4 30 11 
4 34 31 
4 38 50 
443 9 
4 47 27 

4 51 45 
456 1 

18 
433 
848 

13 2 
17 15 

5 21 27 
5 25 39 
5 29 50 
5 34 
5 38 9 
5 42 18 
5 46 25 
5 50 32 
5 54 38 



February. 



5 
5 
5 
5 
5 



h. 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 



m. 8. 
58 4? 
2*7 
6 50 
10 53 
14 54 
18 55 
22 55 
26 54 
30 53 
34 50 
38 47 
42 43 
46 38 
50 33 
54 27 
58 20 
2 12 
6 4 
9 55 
13 45 
17 35 
21 24 
25 13 
29 



March. 



7 32 48 
736 35 
7 40 21 

7 44 6 



h. 
7 
7 

'7 
7 
8 
8 



m. 8. 
47 51 
51 35 
55 19 
59 3 



46 

28 



2 

6 

8 10 10 
8 13 52 
8 17 33 
8 21 14 
8 24 54 
8 28 35 
8 32 14 



April. 



8 35 54tl0 28 $6 
32 38 



8 39 34 
8 43 13 
8 46 52 
8 50 31 
8 54 9 
8 57 48 
1 26 
5 4 
8 43 
12 21 
15 59 
19 37 
23 15 



9 
9 
9 
9 
9 
9 
9 
9 
9 
9 



h. 

9 

9 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10 

10 



m. 8. 
41 25 
45 3 
48 42 
52 20 
55 59 
59 57 
3 16 
6 56 
10 35 
14 15 
17 55 




21 
25 



35 
15 



26 5311 



30 31 
34 9 



10 
10 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 



36 
40 
43 



19 
1 

44 



47 26 
51 10 
54 53 
58 37 



2 

6 
9 



22 

7 

53 



9 37 47 



11 
11 



13 39 
17 25 
21 12 
24 59 
28 47 



h. 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

13 

13 

13 

13 



m. 8. 
32 36 
36 25 
40 14 
44 4 
47 55113 
51 46 
55 37 



59 30 
3 22 



h. 
13 
13 
13 
13 



16 

10 

4 





7 
11 
15 
19 

22 55 
26 52 
30 49 
34 46 
38 44 
42 43 
46 42 
50 42 
54 42 
58 44 
2 45 
6 47 
10 49 
14 52 
18 56 
23 
27 
31 



13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
J5 
0|l5 
15 



4 
81 



m. 8. 
35 14 
39 19 
43 25 
47 31 
51 38 
55 45 
59 52 
3 59 
8 7 
12 15 
16 24 
20 32 
24 41 
28 50 
32 59 
37 ^ 
41 18 
45 28 
49 37 
53 47 
57 57 
2 7 
6 16 
10 26 
14 35 
18 44 
22 54 
27 3 
31 11 
35 20 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



TABLE IV.— OoBCtnaed. 



i 


July. 


A.Ufuit 


Bcpt 


Oct 


Not. 


Dec 






h. m. ■. 


h< in* ■• 


h. m. 8. 


h. m. a. 


h. m. ■. 


h. m. ft. 




1 


15 39 28 


17 44 22 


19 40 30 


2128 35 


S3 24 45 


1 28 29 


1 


s 


15 43 36 


17 48 15 


19 44 8 


21 32 12 


23 28 41 


1 32 48 


2 


3 


15 47 44 


17 52 7 


19 47 45 


21 35 50 


23 32 37 


137 8 


3 


4 


15 51 58 17 55 59 


19 51 22 


21 39 28 


23 36 34 


1 41 29 


4 


5 


15 55 59 17 59 50 


19 54 59 


21 43 6 


23 40 32 


1 45 50 


5 


6 


16 6 


18 3 40 


19 58 36 


21 46 45 


23 44 30 


1 50 12 


6 


7 


16 4 12 


18 7 30 


20 2 12 


21 50 24 


23 48 30 


1 54 34 


7 


6 


16 8 18 


18 11 19 


20 548 


21 54 4 


23 52 30 


1 58 57 


8 


9 


16 12 24!18 15 8 


20 924 


21 57 44 


23 56 31 


2 320 


9 


10 


16 16 30 


18 18 56 


20 13 


23 1 24 


034 


2 744 


le 


11 


16 20 35 


18 22 44 


20 16 36 


23 5 5 


4 37 


2 12 9 


11 


12 


16 24 39;18 26 31 


20 20 12 


22 8 47 


8 41 


2 16 33 


12 


13 


16 28 43 18 30 18 


20 23 48 


22 12 29 


12 45 


220 58 


13 


U 


16 32 47!l8 34 4 


20 27 23 


22 16 12 


16 51 


225 24 


14 


15 


16 36 50;i8 37 49,20 30 59 


22 19 55 


20 57 


2 29 49 


15 


16 


16 40 53 


18 41 34120 34 34 


22 23 38 


25 5 


2 34 15 


16 


17 


16 44 55 


18 45 19 


20 38 10 


22 27 23 


29 13 


2 38 41 


17 


18 


16 48 57 


18 49 3:20 41 45 


22 31 8 


33 22 


2 43 8 


18 


19 


16 52 58il8 52 46120 45 21 


22 34 53 


37 32 


2 47 34 


19 


•20 


16 56 59 


19 56 29,20 48 56 


22 38 39 


41 42 


2 52 1 


20 


21 


17 59 


19 12:20 52 32 


22 42 26 


045 54 


256 27 


21 


22 


17 4 59 


19 3 54 


20 56 8 


22 46 13 


50 6 


3 54 


22 


23 


17 8 58il9 7 35 


20 59 43 


22 50 1 


54 19 


3 5 21 


23 


24 


17 12 56 


19 11 16 21 3 19 


22 53 50 


58 33 


3 9 47 


24 


25 


17 16 54 


19 14 57i2l 6 55 


22^7 39 


1 2 47 


3 14 14 


25 


26 


17 20 52 


19 18 37,21 10 31 


23 1 29 


1 7 2 


3 18 40 


26 


27 


17 24 48 


19 22 17121 14 7 


23 520 


1 11 18 


323 7 


27 


28 


17 28 44 


19 25 56 21 17 44 


23 9 12 


1 15 35 


327 33 


28 


29 


17 32 39 19 29 35121 21 21 


23 13 4 


1 19 52 


3 31 59 


29 


30 


17 36 34 


19 33 14.21 24 57 


23 16 57 


1 24 10 


336 24 


30 


81 


17 40 28 


19 36 69 


1 


23 20 51 




3 40 50 


31 
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TABLE y. 

fijrtubitiiig the Sun's Declinatioii for every day m the yeai; 





January. 


February. 


March. 


April. 


Hay. 


June. 


i 




o / /f 


o f n 


o f // 


o / // 


o / // 


o ; If 




1 


23 1 52 17 8 57 


7 39 11 


4 27 37 


15 22 


22 1 44 


1 


2 


22 56 45 16 51 46 


7 16 22 


450 43 


15 18 26 


22 9 49 


2 


3 


22 51 10 16 34 18 


6 53 27 


5 13 44 


15 36 16 


22 17 30 


3 


4 


22 45 8 16 16 32 


6 30 26 


5 36 39 


15 53 50 


22 24 43 


4 


5 


'JH 38 3915 58 29 


6 720 


5 59 28 


16 11 8 


22 31 43 


5 


6 


23 31 43 15 40 11 


544 9 


6 22 11 


16 28 10 


22 38 14 


6 


7 


22 24 20 15 21 36 


5 20 53 


6 44 48 


16 44 56 


22 44.21 


•7 


8 


22 16 31 15 2 46 


4 57 34 


7 7 17 


17 1 25 


2250 4 


8 


9 


22 8,16 


14 43 40 


4 34 10 


729 40 


17 17 37 


22 55 23 


9 


10 


21 59 34 


14 24 20 


4 10 43 


7 51 54 


yr 33 32 


23 19 


10 


11 


21 50 27 


14 4 45 


3 47 13 


8 14 1 


17 49 10 


23 450 


11 


12 


21 40 55 


13 44 56 


323 40 


8 36 


18 4 30 


23 856 


12 


13 


21 30 57 


13 24 54 


3 5 


8 57 50 


18 19 31 


23 12 39 


13 


14 


21 20 34 


13 4 39 


2 36 28 


8 19 32 


18 34 14 


23 15 56 


14 


15 


21 9 47 


12 44 11 


2 12 49 


9 41 4 


18 48 39 


23 18 50 


15 


16 


20 58 35 


12 23 30 


1 49 9 


10 2 27 


19 2 45 


23 21 18 


16 


17 


20 47 


12 2 38 


1 25 27 


10 23 40 


19 16 31 


23 23 22 


17 


18 


20 35 


11 41 34 


1 1 45 


10 44 44 


19 29 58 


23 25 1 


18 


19 


20 22 37 


11 20 19 


038 3 


11 5 36 


19 43 6 


23 26 15 


19 


20 


20 9 51 


10 58 53 


S. 14 21 


11 26 18 


19 55 53 


23 27 5 


20 


21 


19 56 43 


10 37 17 


N. 9 20 


11 46 48 


20 8 20 


23 27 30 


21 


22 


19 43 12 


10 15 31 


33 1 


12 7 8 


20^ 26 


23 27 29 


22 


23 


19 29 19 


9 53 36 


56 41 


12 27 15 


20 32 12 


23 27 4 


23 


24 


19 15 4 


9 31 31 


1 20 18 


12 47 10 


20 43 36 


23 26 15 


24 


25 


19 28 


9 9 19 


1 43 54 


13 6 52 


20 54 40 


23 25 


25 


26 


18 45 31 


8 46 58 


2 728 


13 26 21 


21 5 21 


23 23 21 


26 


27 


18 30 14 


824 59 


230 58 


13 45 37 


21 15 41 


23 21 17 


27 


28 


18 14 37 


8 153 


254 26 


14 4 40 


21 25 38 


23 18 48 


28 


29 


17 58 40 




3 17 60 


14 23 28 


21 35 14 


23 15 55 


29 


30 


17 42 24 




3 41 10 


14 42 2 


21 44 27 


23 12 38 


30 


81 


17 25 50 




4 496 




2163 17 




31 



TABLE Yw— Ckmnncd. 



± 


inly. 


Aofiut 


Bept 


Oct . 


Nov. 


Ike. 


k 




o t ft 


/ ft 


o f n 


o / n 


o / 11 


1 fl 




1 


23 856 


18 6 40 


833 33 


3 533 


14 33 19 31 47 34 


1 


3 


23 4 49 


17 51 30 


8 144 


338 40 


14 41 30 31 56 46 


s 


3 


23 19 


17 36 2 


739 48 


3 51 56 15 37133 5 34 


3 


4 


B3 55 25 


17 30 17 


7 17 44 


4 15 9 15 19 933 13 55 


4 


6 


22 50 6 


17 4 16 


6 55 33 


438 30 


15 37 37 32 21 51 


5 


6 


22 44 24 


16 47 58 


6 33 14 


5. 1 37 


15 55 49,22 29 21 


6 


7 


22 38 18 


16 3123 


6 10 49 


534 30 


16 13 45122 36 25 


7 


8 


22 31 49 


16 14 32 


5 48 18 


5 47 30 


16 31 25 22 43 3 


8 


9 


22 24 56 


15 57 26 


5 35 41 


6 10 35 


16 48 4832 49 13 


9 


10 


22 17 40 


15 40 4 


5 2 59 


6 33 15 


17 5 55 33 54 55 


10 


11 


22 10 1 


15 22 27 


4 40 11 


6 56 


17 22 43 33 Oil 


11 


12 


22 1 59 


15 4 35 


4 17 18 


7 18 40 


17 39 14 


23 5 


13 


13 


21 53 34 


14 46 29 


3 54 30 


7 41 14 


17 55 37 


23 9 31 


13 


14 


21 44 46 


14 28 8 


3 31 19 


8 3 41 


18 11 31 


33 13 14 


14 


15 


21 35 37 


14 9 33 


3 8 13 


8 36 3 


18 36 55 


33 16 40 


15 


16 


21 26 5 


13 50 45 


345 3 


8 48 16 


18 42 10 23 19 38 


16 


17 


21 16 11 


13 31 43 


3 31 51 


9 10 33 


18 57 5;23 22 7 


17 


18 


21 5 55 


13 12 28 


1 58 36 


9 33 31 


19 11 4023 24 9 


18 


19 


20 55 18 


12 53 1 


1 35 18 


9 54 11 


19 35 54 33 35 43 


19 


SO 


20 44 20 


12 33 22 


1 11 58 


10 15 52 


19 39 47 33 36 47 


SO 


31 


2033 1 


12 13 30 


48 36 10 37 34 


19 53 19 33 37 34 


31 


23 


20 21 20 11 53 27 


35 13 10 58 47 


30 6 38 33 37 32 


23 


33 


20 9 2011 33 13 


N. 1 49 


11 19 59 


20 19 15 23 27 13 


23 


34 


19 56 59 


11 12 48 


S. 21 36 


11 41 1 


20 31 40 23 36 34 


24 


25 


19 44 19 


10 53 12 


045 1 


12 1 53 


30 43 4233 25 8 


25 


36 


19 31 18 


10 31 26 


1 8 27 


12 32 33 


20 55 21|33 23 33 


26 


37 


19 17 59 


10 10 31 


1 31 52 


13 43 3 


31 6 36 23 21 10 


37 


38 


19 4 20 


9 49 25 


1 55 16 


13 3 19 


21 17 27,23 18 29 


'38 


39 


18 50 22 


9 28 10 


2 18 40 


13 33 33 


21 27 54123 15 20 


39 


30 


18136 6 


9 646 


243 3 


13 43 15 


21 3" 56 23 1143 


30 


11 


18 3133 


8 45 14 




14 3 54 




33 7391 


31 



TABLE VL 

Exhibitjnff the Sun's mean place in the Ecfiptic, or its Longituds^ 
togemer with the Right Ascension, for every day in the year. 



OS 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



January. 



Long. 



/ 



280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
1311 



39 

41 

42 

43 

44 

45 

46 

4S 

49 

50 

51 

52 

53 

54 

55 

57 

58 

59 



1 

2 

3 

i 

5 

6 

7 

8 

9 

10 

11 



R. Jl 



281 
282 
283 
284 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
12l313 



41 



February. 



Long. 



35 312 



313 



48 314 

54 315 

316 



317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 



5 
11 
17 
22 
28 
33 
38 
43 
47 
52 
56 



4 

8 
12 
15 
19 
22 
25 
27 
30 
32 338 

34 339 
36 
38 
39l 



13 
14 
14 
15 
16 
17 
17 
18 
19 
19 
20 
21 
21 
22 
22 
23 
23 

^ 
24 
25 
25 
26 
26 
26 
27 
27 
27 
27 



R. A. 



314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
3^7 
338 
339 
340 
341 



/ 

41 
42 
42 
43 



44 
46 



Karch. 



Long. 



340 
341 
342 
343 
43 344 






345 
346 



441347 
43 348 



R. A. 



43 
41 
40 
40 



38 353 



37 
35 
33 
31 

29 
27 



21 
18 
15 
12 
9 
5 



349 
350 
351 
352 



354 
355 
356 
357 
358 
359 



241000 
1 



2 
3 
4 
5 
6 
7 
8 
9 
10 



r 

27 
28 
28 
28 
28 
28 
28 
28 
27 
27 
27 
27 
27 
26 
26 
26 
25 
25 
24 
24 
24 
23 
22 
22 
21 
21 
20 
19 
18 
18 
17 



341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

353 

354 

355 

356 

357 

358 

359 



1 

2 

3 

4 

4 

5 

6 

7 

8 

9 



/ 

58 
54 
50 
46 
41 
37 
32 
28 
23 



April 



Long. 



o / 



11 
12 
13 
14 
15 
16 
17 
18 
19 
18120 
13 21 
22 
23 
59 24 



B. A 



1610 
15 1 1 



53 



IC 



54 
49 



42 
38 



25 



48 25 
43 26 
38 27 
28 
29 
30 



32 
27 
22 
16 31 



32 
33 
34 



35 
36 
37 
38 

32 39 

27 



14 

13 

12 

11 

10 

9 

8 

6 

5 

4 

3 

1 

00 

59 

57 

56 

54 

53 

51 

50 

48 

47 

45 

43 

42 

40 

38 

36 



12 
13 
.4 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 



21 
16 
10 
5 

54 
49 
44 
39 
34 
29 
24 
19 
14 
9 
5 

56 
51 
47 
43 
39 
35 
32 
28 
25 
21 
If 
U 
V4 



TABLH ▼I.p-<;oiitiiHMd. 



^ 


May. 


Jima. - 


July. 


AngiMt. 




Long. R. A. 


Long. 


R. A. 


Long. 


R. A. 


Long. 


R. A 




o / o / 


o t 


o 1 


/ 


o / 


f 


o f 


1 


40 34 


38 9 


70 25 


68 48 


99 4 


99 521128 40 


131 5 


2 


41 32 


39 6 


71 23 


69 60 

70 51 


100 1 


100 54 


129 37 


132 4 


3 


42 31 


40 3 


72 20 


100 59 


101 56 


130 35 


133 3 


4 


43 29 


41 1 


73 18 


71 63 


101 66 


102 58 


131 32 


134 


5 


44 27 


41 59 


74 15 


72 54 


102 53 


104 


132 29 


135 


6 


45 25 


42 66 


75 12 


73 56 


103 50 


105 1 


133 27 


135 65 


7 


46 23 


43 54 


76 10 74 58 


104 47 


106 3 


134 24 


136 53 


8 


47 21 


44 62 


77 7 76 01 


105 44 


107 6 


135 22 


137 50 


9 


48 19 


45 6 


78 4 


77 2 


106 42 


108 6 


136 20 


138 47 


10 


49 16 


46 49 


79 2 


78 4 


107 39 


109 7 


137 17 


139 44 


11 


50 14 


47 47 


79 69 


79 6 


108 36 


110 9 


138 15 


140 41 


12 


61 12 


48 46 


80 66 


80 8 


109 33 


111 10 


139 12 


141 38 


13 


52 10 


49 45 


81 54 


81 10 


110 31 


112 11 


140 10 


142 34 


14 


53 e 


50 44 


82 51 


82 13 


111 28 


113 12 


141 8 


143 31 


15 


54 6 


51 42 


83 48 


83 15 


112 25 


114 13 


142 5 


144 27 


16 


55 3 


62 42 


84 46 


84 17 


113 22 


115 13 


143 3 


145 24 


17 


56 1 


53 41 


86 43 


85 20 


114 20 


116 14 


144 1 


146 20 


18 


56 59 


54 41 


86 40 


86 22 


115 17 


117 14 


144 69 


147 16 


19 


57 67 


56 41 


87 37 


87 24 


116 14 


118 15 


145 56 


148 12 


20 


58 54 


56 41 


88 35 


88 27 


117 11 


119 15 


146 54 


149 7 


21 


69 62 


67 41 


89 32 


89 30 


118 9 


H20 16 


147 52 


150 3 


22 


60 60 


58 41 


90 29 


90 32 


119 6 


121 16 


148 60 


150 58 


23 


61 47 


69 41 


91 26 


91 34 


120 3 


122 14 


149 48 


151 54 


24 


62 46 


60 41 


92 24 


92 36 


121 1 


123 14 


150 46 


152 49 


25 


63 43 


61 42 


93 21 


93 39 


121 58 


124 14 


161 44 


153 44 


26 


64 40 


62 42 


94 18 


94 41 


122 56 


125 13 


152 42 


154 39 


27 


66 38 


63 43 


95 15 


95 43 


123 63 


126 12 


153 39 


155 34 


28 


66 35 


64 44 


96 13 


96 46 


124 60 


127 11 


154 37 


156 29 


29 


67 33 


65 46 


97 10 


97 48 


126 48 


128 10 


155 35 


157 24 


80 


68 30 


66 46 


98 7 


98 5C) 


126 46 


129 9 


166 34 


168 18 


91 


69 28 


67 47l 






127 42 


130 7 


167 32 


159 13 



TABLE VL— Continued. 






September. 



Long. R. Jl 



2 

3 
4 
5 

6 
7 
8 

Q 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
2tL 
22 
23 
24 
25 
26 
27 
28 
29 

ao 



H 



5S30 
59 28 
160 26 
16124 

162 22 

163 20 

164 19 

165 17 

166 15 

167 14 

168 12 

169 11 

170 9 
171 
172 
173 
174 
175 
176 

176 59 

177 68 

178 57 

179 56 

180 54 
18153 

182 52 

183 51 

184 50 

185 49 

186 48 



8 
6 
5 
3 
2 
1 



/ 



October. 



Long. R. A. 



f 



160 8 187 47 

161 2 188 46 



16155 

162 51 

163 45 



164 39 192 43 



165 33 

166 27 

167 21 

168 15 



170 3 
170 57 



189 45 

190 44 
19143 



193 42 

194 41 

195 40 

196 40 



169 9197 39 



198 39 

199 38 



171 61 200 38 

172 45 201 37 

173 39 202 37 

174 32 203 36 

175 26 204 36 

176 20 205 36 

177 14 206 35 




207 35 

208 35 

209 35 
10 35 
1135 

12 34 

13 34 

14 34 

15 34 

16 34 

17 34 



187 

188 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 



November. 



Long. R. A. 



57 
62 
47 

41 



218 
3 219 
220 
221 
222 
223 



36 224 



f o I 

34 
35 
35 
35 
35 
35 
36 
31 225 36 
26 226 36 
21 227 37 
16 228 37 
12 229 37 
7 230 38 
31231 38 
39 
39 
511234 40 
47 235 41 
43 236 41 
40 237 42 
238 43 



/ 



59 232 
55 233 



8 
8 
8 
7 
8 
8 
8 



December. 



Long. 



36 

33 239 43 



30 
27 



240 
241 
25 242 



22 



18 
16 
14 
13 



243 



2C 244 



245 
246 

247 



44 
45 
45 
46 
47 
48 
49 
60 



216 11 

217 10 

218 9 
219 
220 
221 
222 
223 
224 
225 
226 

227 10 

228 11 

229 13 

230 14 263 

231 16 

232 18 

233 20 

234 23 

235 26 

236 28 

237 31 

238 35 

239 38 



248 50 

249 51 

250 52 
25153 

252 54 

253 55, 

254 56 

255 57 

256 58 

257 59 



R. A. 



9 258 
260 
261 
262 




1 
2 
3 
4 
6 



242 50 



264 
2B5 
266 
267 

268 10 

269 11 

270 12 

271 14 

272 15 



240 421273 16 
24146 



247 7 

248 12 

249 17 

250 22 
25128 

252 33 

253 39 

254 44 

255 60 

256 55 

258 2 

259 8 

260 15 
26121 

262 27 

263 34 

264 40 

265 47 

266 54 

268 

269 7 

270 14 
27120 

272 27 

273 34 



243 54 276 19 

244 58 277 21 
246 21278 22 

679 23 



274 17 274 40 

275 18|275 47 
276 63 

278 

279 6 

280 IS 



TABLE TIL 



Eihibitiiig the Right ABcenaon and Declinatioii of the Plineli^ 
time of their pasaing the Meridian, for 1833. 



i 


•1 


^ _. . . *. 

Vnva. 1 Habs. 


JuntjuL 




ILu- 


Dec 


TtM R.as-| 


Dec-PassI 


R-as-'Dec-iPaM 


R.a». 


Dec-! Fkas 


t 


1 


cen- 


Una- 


Met. 


cen- 


lina^ 


Mer. 


cen- Itnar 


Mer. 


cen- 


lina- 


Her. 


■ion. 


tion. 

O ' 




flion. 


tion. 




sion. tion. 




■iOB. 


tion. 








h. QL 


iLm. 


Il m. 


•o f 


h.m. 


h. m. 


O ' 


h. m. 


h.m. 


O ' 


n. m. 


i 


1 


21 m 


16 44 


24S 


3 13 


20 8 


8 24 23 35 


4 6 


446 


1167 


2 48 17 6 


7 


21 58 


14 12 


244 


3 16 


20 22 


8 1 23 38! 3 43 


421 


1167 


2 49 16 40 


13 


122 25 


1127 


2 45 


3 21 


20 41 


^« 23 42 3 18 


4 1 


1167 


2 61 16 U 


19 


22 61 


832 


246 


327 


21 4 


7 21p23 46 2 68 


339 


1166 


2 56 15 48 


*• 


26 


23 17 


6 31 


846 


385 


2129 


7 3 


23 60J 2 21 


3 18 


1166 


3 01522 

1 


m 


I 


23 46 


1 64! 2 47| 


844 


22 2 


644 


23 65 


149 


266 


1166 


3 9 14 82 


c 


7 


Oil 


1 14 


2 47 


364 


22 29 


629 


23 69 


1 19 


236 


1164 


3 17 14 27 


9 


13 


035 


420 


247 


4 4 


22 67 


6 16 


4 


47 


2 16 


11 63 


3 26 14 3 


^ 


19 


05R 


723 


2 47 


4 15 


23 24 


6 i 


9 


16 


168 


11 51 


3 36 13 38 


2 


26 

1 


1 22 
1 37 


10 19 
12 11 


248 


427 


23 60 


663 


14 


18 


140 


1160 


3 47 13 14 




248 


435 


24 5 


6 46 


17 


040 


1 28 


1149 


3 54 12 68 


Ji 


7 


1 69 


14 63 


24t 


448 


24 27 


536 


023 


1 14 


1 11 


1147 


4 6 12 34 


1 


13 


222 


17 22 


24{ 


6 1 


2145 


6 2H 


028 


148 


064 


1146 


4 18 12 10 


19 


243 


19 37 


24{ 


5 16 


24 69 


5 19 


033 


223 


038 


1144 


4 29 11 46 


25 
T 


3 3 
321 


2136 
23 33 


246 


628 


25 9 


6 11 


038 


267 


21 


1142 


4 40 11 28 




242 


5 45 


25 16 


5 2 


045 


2 


11 40 


4 63 10 56 


n 


7 


340 


24 63 


236 


669 


25 16 


455 


060 


4 11 


23 43 


1138 


5 2 


10 as 


is. 


13 


3 53 


25 61 


226 


6 14 


25 11 


4 47 


065 


4 44 


23 26 


1137 


5 11 


10 9 


3" 


19 


4 1 


26 26 


2 13 


629 


25 2 


440 


1 1 


6 17 


23 9 


1136 


6 19 


946 




25 

T 


4 6 
4 3 


26 33 
26 8 


164 


644 


24 46 
24 26 


433 


1 6 


660 


22 62 


11 34 


625 
630 


929 




129 


669 


4 26 


1 11 


6 22 


£2 36 


1131 


858 


^ 


7 


364 


25 4 


068 


7 14 


24 


4 17 


1 16 


663 


Z2 17 


1133 


634 


836 


1 


13 


342 


23 2i 


21 


729 


23 29 


4 8 


1 21 


723 


2168 


11 32 


5 36 


8 )1 


19 


327 


21 13 


23 37 


744 


22 62 
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126 


762 
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11 32 


537 


7 47 
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3 15 
3 6 


18 68 23 2 


769 


22 11 
21 16 


3 60 


131 


820 


2120 


11 32 


636 
531 


723 
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16 46 22 25 


8 16 


3 39 


137 


8 61 


20 67 


11 32 


664 


4 


7 


3 4 


16 28 21 69 


8 31 


20 23 


3 30 


141 


9 11 


20 37 


1132 


530 


639 


1 


13 


8 7 


14 60 21 39 


846 


19 26 


3 19 


146 


940 


20 17 


11 33 


521 
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3 16 


14 44 81221 


9 


18 25 


3 9 


1 60 


10 2 


19 66 


1134 


6 18 
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268tl 
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16 43 21 0| 


9 29 


16 9 


248 


1 67 


10 42 19 141 


11 36 


6 1 


466 


J^ 


7 


359 


16 33 20 53 


9 43 


14 66 


238 


2 1 10 69 18 63 


11 38 


4 60 


481 


^ 


13 


4 19 


17 30 20 4a 


9 58 


13 9 


228 


2 4 11 16 18 31 


11 39 


439 


4 9 
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18 25 20 461 


10 12 


12 19 
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2 7111 28 18 10 


11 41 
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3 46 
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19 17 

20 6* 


20 45 
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10 56 
9 15 


2 8 


2 9 


11 40 
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11 51 


17 48 


11 43 


4 13 

5 66 


321 




1 


6 32 


20 4G 


10 42 


'166 


2 11 


17 23 


11 46 


268 


^ 


7 


6 58 


20 36 20 19 


10 56 


7 47 


1 47 


2 13;il 67 17 2 


U 47 


3 41 


238 


1 


13 


6 24 


20 51 20 53 


11 10 


6 17 


1 38 


2 14il2 2 16 40 


11 60 


326 


2 18 


19 


A 52 


20 49 2058 


11 24 


4 45 
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2 16 12 4 16 19 


11 62 


3 10 
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■< 


25 


7 2U 


20 30 

- 


21 3 


11 38 


3 11 
1 21 


1 22 


2 16 
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12 1 


16 67 


11 66 


263 
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1 


763 


19 43 


21 12 
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1 13 


2 16 


16 31 


11 68 


233 
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d 


7 


8 21 


18 42 21 19 


12 9 


15 


I 6 2 14 11 66 '15 9i 


12 


2 16 
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iy 


13 
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17 22 21 26 


12 23 


1 51 


069 


2 13 11 48 14 46 
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1 68 


088 
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19 


9 18 
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12 38 


3 26 


51 


2 11 11 39 14 23 


12 6 


1 41 


19 


25 

1 


9 46 
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11 42 
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11 14 


13 59 
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22 35 


16 27 
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16 2R 


20 66 


22 40 


16 46122 40 
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fiU 8 


liJ3 4& 


117 fi 
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8M 
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TABLB VIL for 1896. 
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Satdr] 


i Pus 
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Dec- Pass 


R. as- 


Dec-iPass 


R.as- 1 Dec- 


Pass 
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1 
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Una- Her. 


cen- 


Una- 
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a_ 
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don. 
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tion. 




SkJIL 
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h.m. 
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h. m. 
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iLm. 


h. m. 


o 


h-jo. 


• 


1 


20 18 


21 17 1 37 


18 31 


21 6 


23 49 


6 48 23 4 


12 5 


14 9 


10 31 


V2 25 


1 


6 


20 38 


20 8 1 42 


18 44 


23 66 


23 47 


6 4523 7 


11 47 


14 10 


10 36 


19 11 


10 


21 4 


18 29 1 48 


19 1 


23 36 


23 44 


6 4223 11 


1121 


14 11 


10 41 


18 62 


1 


15 


21 29 


16 37 1 53 


19 17 


23 11 


23 41 


6 40 23 14;I1 2 
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10 46 
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20 


21 63 
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23 3fl 
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10 48 
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1 


22 17 


12 20 
9 
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19 60 


22 1 
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' p-Bl 


17 56 




22 60 
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20 57 
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9 47 


14 16 10 53 


17 29 




6 
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7 12 9 


» 26 


20 16 


23 27 
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4 27 2 12 


» 43 
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E 


16 123 61 
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20 68 


18 17123 20] 
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^ 
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15 


46 2 17 
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ind seconds. 
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TABLR XIH. 

Showing (he Latitude and Longitude of some of the pnncipal piaeM ta 
the United States, &c., with their Distance from tne city of Waah- 
mgton. 

IVie LongUudea are reckoned Jrom Greenwich, 

T%t CapUaU {seats qf GmtmmenC) of the States and Territories are 

designated by Balie Utters, 



Albany (OapltolX 
Alezandna, . 
ArtftapotiSf 
Auburn, 
Augusta, 



Augusta estate IIoaBe)i 
Balttuii3re (Battle Monoment^ 
Baiigor (Court Housed • 
Barnstable (Old Court Housed 
Batavia, . . . « 

Beaufort, 

Boston (State House), . 
Bristol (Hotel), .... 
Brooklyn (Navy Yard), 
Brunswick (CoIlegeX 

ruflralo>^ 

Cam bridge (Harvard Hall), 
Caiuden, .... 
Canandaigua. .... 
Cape Old (Lidit-IIonseX 
Charleston ((JoUegeX 
Charlesiown (Navy Yard)^ . 

Cincinnati 

Columbia^ .... 
Columbus^ .... 
Concord (State Housed 
Dedhain (Couft Uouae)^ . 
Detroit. .... 
DonaUlaonviUey 

Dorchester (AsL Observatory), 
JPover, . . . 

Dover, 

Baston (Court House) 

fiastport, .... 

Edenton, 

Exeter, .... 

Frankfort^ . 

Fredericksburg, 

fYsderickton, 

Frederickstown, 

Georgetown, . 

Gloucester, 

Glreenficld, . 

5Iacenr'> wo, 



N. Y. 
D. C. 

Md. 
N. Y. 
Oa. 
Me. 

Md. 

Me. 

Mass. 

N. Y. 

S. C. 

Mass. 

R. I. 

N. Y. 

Me. 

N. Y. 

Mass. 

S. C. 

N Y. 

Mass. 

8. C. 

Mass. 

Ohio. 

S. C. 

Ohio. 

N. H. 

Mass. 

Mich. 

La. 

Mass 

Del. 

N. H. 

Md. 

Me. 

N. C. 

N.H. 

Ky. 

Va. 

N. B. 

Md 

S. C. 

Mass. 

Mass. 

Md. 

N. a 



Latitude 
North. 
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o ' '/ 

4239 3 

38 49 

39 
42 66 

33 28 
44 18 43 

39 17 13 
44 47 60 

41 42 9 

42 69 
32 25 

42 21 16 

41 39 68 

40 41 60 

43 63 

42 63 
42 22 18 

34 17 
42 64 
42 2 

32 47 

42 22 
39 6 

33 57 
39 47 

43 12 29 
42 16 
42 21 
30 3 

42 19 
39 10 

43 13 
38 46 10 

44 64 
36 
42 68 
38 14 

38 34 
46 3 

39 24 
33 21 
42 36 
42 37 
39 37 
44 39 20 



Longitude, West, 
in degrees, in time. 



/' 
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73 44 49 

77 4 

76 43 
76 28 
81 64 

69 60 

76 37 60 

68 47 

70 16 

78 13 
80 41 

71 4 9 
71 19 
73 69 30 

69 66 1 

78 65 
71 7 25 
80 30 

77 17 

70 4 

80 62 

71 3 33 
84 22 

81 7 

83 3 
71 29 
71 U 

82 58 
91 2 

71 4 
76 30 
70 64 

76 8 
66 66 

77 7 
70 66 

84 40 
77 38 
66 45 
77 18 

79 17 
70 -10 

72 36 
77 STi 
63 36 40 
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h.DL 8. 

4 64 69.3 
6 8 16 

5 6 82 

6 662 
527 36 
439 20 

5 6 31.3 
435 8 
4 41 4 

6 12 52 
622 44 
4 44 16.6 

45 36 
66 68 

39 40.1 
16 40 
44 29.7 
22 12 

9 8 

40 16 
20 3.5 

44 14.2 
37 28 
24 28 I 
32 12 

45 66 
44 44 
31 62 

4 8 
44 17 

2 
43 36 

4 32 

27 44 

28 28 
43 40 

6 38 40 

«6 10 32 

^' 27 

9 12 

16 17 8 

42 40 

60 24 

10 20 

14 27 



4 
4 
4 
6 
4 
6 
5 
4 
6 
4 
6 
8 
6 
4 
4 
6 
6 
4 
5 
4 
6 
4 
6 
4 



Dist from 

Waah'n. 



miles. 
376 
6 

37 
839 
6B0 
695 

38 
661 
466 
370 
629 
432 
409 
227 
668 
376 
431 
467 
336 
607 
644 
433 
497 
600 
396 
474 
422 
626 
1278 
432 
114 
490 

80 
778 
284 
474 
661 



43 
482 
462 

396 



TABLK XllL-CoiuitiMd. 



ElaUDWsn,. . 
Harriilmrtk, 
Uarfftrd. . . 
IludsoD, 



Marblehwil, 
Mmtdgtvmt, 



Uonire»t . 



Newl«m, . . * " - 

NewbniEh, .... 
NewbiirvponCiilPra*.Ctt.)i 

Sftpport .... 
New York (Cltr BiJI), . 
Norfotk (Fuuer'i Hulk) 



hllblelpt . 

•iuafioli^tlBCQar. CbitfCh), 
IjmoiUh'liourl IlduiB),' , ■ Miu' 



I 86 49 £ 
91 ai 4i 
74 JO 

' 70G6 C 



tU32 



rABLE Xlll.-Ctntinurti. 



trotidenc* (Old CoL)^ . . R. L 

Uucb«c (Uaallc), . . L. C. 

Kaieighy N. C. 

iiiehtnoTul (C9i\Tltol\ . . Va. 

Kocheiitcr (R'r llouse)^ . . N. Y. 

Sable (CapcX ... Fa. 

tSat-keu'tt liar boar, . . N. Y. 

6ac«), . .^ . . Me. 

8i. AiigusUaei . . . .Fa. 

Si. liuuid. . . . M'ri. 

Salem (E. I. M. IlaJlX •, • Mass. 

Savannali, . . . . Ga. 

Scheiiecuuly, . . . . N. Y. 

Suriiitffielil (Court Housed • Mass. 
Talluhiuaee^ . . . .Fa. 

Taiiiiu>n ((Jourt Uoose^ Mass. 

Ton>iiio (York)^ . . . U. C. 

Treaton^ . . . . N. J. 

Troy, N. Y. 

7'u«ca/oMa, .... Ala. 

University of Virginia, . . Va. 

Utica (Dutch ChurchX . N. Y. 
VandattOf . . . .11. 

Vevay, ..... Ind. 

Vincennea, .... Ind. 

W ASH I NOTOM, (Capitol)^ . D. C. 

WashingtoD, .... M'pt. 

Wheeling, . , . . Va. 

Wilmington, .... Del. 

Wihiiingion, . . . • N. C. 

Worcester (AaL IlaliX • • Mass. 

Vork, Me. 

York, Pft. 
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43 33 
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42 44 


33 12 


38 2 3 
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40 7 


39 41 
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71 25 66 


4 45 43.7 


70 56 31 


4 43 46. L 


78 48 


5 15 12 


77 26 28 


5 9 49.9 
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6 11 24 
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5-25 
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5 3 43 


70 26 


4 41 44 


81 35 


6 26 20 


89 36 


6 58 24 


70 54 


4 43 36 
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5 24 12 


73 55 
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87 42 


6 60 48 
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6 49 40 
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91 20 
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80 42 


6 22 48 


75 28 


5 1 52 


78 10 


5 12 40 


71 49 


4 47 16 


70 40 


4 42 40 


76 40 


6 6 40 
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